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if PREPACKE. 


Havine been for several years past engaged in the instruction 
of persons designed for, or belonging to the Sea, I have frequently 
. had occasion to lament that most of the existing works on Practical 
Navigation, and particularly some that have been very generally 
circulated, are extremely erroneous, both in the instructive and 
tabular parts, and by no means calculated to answer all the purposes 


of the Mariner, Teacher, or Pupil. 


With a view to remedy these defects, and to facilitate the 
acquirement of this most important art, and further stimulated by 
the flattering reception of my former labours, I have ventured to 
exert my best abilities in composing the present work; and although 
I do not mean to arrogate to myself any superior professional merit, 
yet I humbly apprehend, that my long experience and intimate 
connection with the subject, have enabled me, in some measure, to 


form a competent judgment of. what ig most requisite to assist the 


industrious Mariner in : jiring knowledge of the practical part 
iitew, Ret 
of Navigation. ok i 
‘nuit et 


7 


In order to accomplish my intended purpose as effectually as 
possible, I have examined, with the greatest attention and caution, 


the various publications that have been written on Navigation, and 
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placing them in a comparative point of view, have, I trust, been 
thence enabled to avoid the errors, and to improve*the merits, of 


those who have preceded me in this branch of Science. 


That nothing might be wanting to assist the student in his pro- 
gress through the subject, 1 have commenced with a short treatise 
on Decimal Arithmetic, the nature of which he will find very 
necessary to be understood in going through the various computa- 
tions that follow. In Geometry such definitions and problems only : 
are introduced as appear most essential. Plane Trigonometry, both 
right and oblique-angled, being the foundation of the Sailings, is’ 
treated of at considerable length. Next follows Geography, con- 
taining a description of the form and magnitude of the Earth, with 
its various real and imaginary divisions, and an explanation of the 
nature of latitude and longitude: an account is then given of the 
Instruments used for measuring a Ship’s way, with the manner of 
correcting their errors. This finishes the introductory part to 


Navigation. - 


We now proceed to the various Sailings in which the examples 
are resolved by construction, calculation, inspection, and Gunter’s 
Scales; then follows a description of Charts, with the methods of 
using aud constructing them. The Art of Surveying Coasts and 
Harbours, being very essential to those vho 
treated in a manner which it is hoped Pi 
practice perfectly easy. 


isit unknown parts, is 


make its acquisition and 


x ae ; 
2 Fe 


We come next to the application of Astronomy to Navigation; 
and here I have thought proper to give a short but comprehensive 


view of the solar system, where the Earth is considered as a planet; 
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and have then described the various imaginary circles of the sphere. 
The nature of parallax, refraction, &c. are explained under this head. 
The Theory of the Winds and Tides, with the Methods of finding 
the Time of High Water, follow next in order. 


The most approved Methods of ascertaining the Latitude and 
Longitude at Sea by Celestial Observations, also the Variation of the 
Compass by Amplitudes and Azimuths, are explained by proper rules 
and examples; there is also given a particular description, with the 
uses of the various as:ronomical Instruments employed in taking the 
observations. In this part of the work I have given Mr. Douwes’ 
Rules for computing the Latitude by two Altitudes of the Sun, and 
four different methods of clearing the Distance, the last of which, in- — 
vented by Captain Mendoza Rios, has the advantage of not requiring 
any distinction of cases. The method of finding the Longitude by a 
Time-keeper being now much practiced, the necessary rules and 
examples are introduced for that purpose. 

The learner is next led into the Rules for keeping a Journal at 
Sea, wherein are exhibited the Methods of correcting the Courses 


for Leeway, Variation, &c. with general Rules for working a Day’s 


Work; and the whole” is pmestied eh pepe ate days’ works, and 


; eS. ‘and Technical Phrases, also the. 
suvstance of an Examination of'a Young Sea Officer in the working 
and of piloting a Ship, I have inserted because, although they may be 


considered by some as superfluous, and not immediately connected 


~ The Explanaticn OP sent 


with the subject, they nevertheless appeared to be of too much 
impertance to others to be omitted. 
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With respect to the Tables in this Work, I have only to observe 
here, that they are published under the title of ‘* Nautical Tables* ,” 
have been very generally adopted by the Officers in the Navy and. 
in the Honourable East India Company’s Service, and have received 


_the approbation of Navigators in general. 
a 


Eight Editions of this Treatise having been submitted to the candid 
judgment of a discerning public, and met with a most flattering 
reception, I have been induced, both from a sense of gratitude, and 
an earnest desire of rendering the Work still more useful, to revise 
the whole with the greatest care and circumspection: in doing this 
I have made considerable additions, particularly on the subject of 
determining the Longitude by celestial observations. In the Rules 
for correcting the apparent distance for the effect of parallax and re- 
fraction, I have introduced a fifth method, which, with the assistance 
of a set of Linear Tables, invented and published by me, is rendered 
one of the easiest and shortest that have been proposed. I have alse 
treated at considerable length on the use and management of" Chro- 
nometers, with the method of examining and comparing their rates; 
have added several new Tables, and corrected the Latitudes and 
Longitudes of places according to the most modern and best authen- 


ticated observations: In short, having: adgMmvery alteration and 


emit ed attention have 
suggested, I trust that the present ‘Editi in Y ri] 


improvement that long experience a 


ail vill merit a continuance 
of that approbation which the work. has: wa s hitherto experienced 


. from a liberal and enlightened public. 


J. W. NORIE. 
Naval Academy, Leadenhali Street. 


These Tables are dedicated, by permission, to the Honourable the Court of Directors 
of the East India Company 
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NAVIGATION. 


INTRODUCTION. 


N AVIGATION is that art which instructs the Mariner in what. 
manner to conduct a Ship through the wide and trackless ocean, 
from one part to another, with the greatest safety, and in the shortest 
time possible. 

It is difficult to trace the origin of this most important Art, to 
which a diversity of events might have given rise; but, in all proba- 
bility, it owes its birth to Necessity, the parent of almost every hu- 
man invention. ‘The Sea Coasts, in many places, are full of Islands 
at no great distance from the Continent: curiosity would naturally in- 
spire men with an inclination to visit these Islands, and consequently 
prompt them to devise means by which they might convey themselves 
from one place to another on the surface of the water; and as this 
passage did. not appear either very long or very dangerous, they deter- 
mined to attempt it: success in one of these efforts might encourage 
a second; and we are informed by Pliny, that anciently they sailed 
only among the Islands, and passed over on rafts or logs of wood. 

As Science and Commerce advanced, the machines first used would 
of course give way to others of more improved structure and greater 
convenience; and hence the invention of Boats and Vessels of various 
denominations, better adapted to the nature and extent of the voyages 
undertaken. In process of time Men being convinced by experience 
that Vessels designed for navigating the Seas ought to be of a ditfe- 
rent construction from those intended for Rivers, they would make it 
their study to give such a form and solidity to Ships designed for the 
Sea, as would enable them to resist the impetuosity of its waves. 

The action of the wind, of which the effects are so sensible and so 
frequent, might soon suggest the use of sails; but the manner of ad- 
justing and managing them was more difficult, and would not be so 
‘soon discovered: this, in fact, appears to have been the last part of 
the general construction of Vessels that was found out; and this opi- 
_nion seems confirmed by the practice of Savages in the South Seas 
_ and other parts, who generally use only oars or paddles, but seldom, 
have sails: such must have been the case in the first ages. 

The confusion and uncertainty in which the first Navigators mus: _ 
have found themselves, when either prompted by their enterprising 
spirit to visit remote parts, or driven by the violence of storms out of 
the sight of land, would naturally induce them to study some method 
of finding where they were in such circumstances: they might soon 
be sensible that the inspection of the heavenly bodies was the only 

 &B 
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means that could afford them just conclusions in this respect; in this 
manner, probably, Astronomy came to be applied to Navigation. 

However, leaving these speculations respecting the rise and pro- 
eress of Navigation, history informs us that the Phoenicians were the 
first who attained any great proficiency in the Art, especially those 
of T'yre, their capital, who sent out various colonies, the principal 
of which settled on the coast of Africa, and built Carthage, a city 
that in time rivalled Tyre itself. After the destruction of Tyre by 
Alexander the Great, the Art was transferred by the conqueror to 
Alexandria, a new city in Egypt, intended by him for the capital of 
the world; thence diffusing itself, in process of time, throughout the 
whole of the Mediterranean and parts adjacent. 

But Navigation at that time consisted of little more than the ma- 
nagement of small barks, which crept along the shore, seldom losing 
sight of the land: it was not till the discovery of the Compass that 
Mariners ventured to explore the vast ocean, and sought, as it were, 
for other worlds, at an immense distance: since that period, the Art 
has been continually receiving fresh improvements from the efforts 
of learned and ingenious men, both in respect to the construction of 
Vessels, and the methods of working and conducting them; so that, 
at the present time, a voyage to the remotest part of the globe may 
be performed in the short space of a few mouths. : 

Navigation may be divided into two branches: viz. Seamanship, 
comprehending the method of managing a Vessel by disposing her 
Sails, Rudder, &c. so that she may move in any assigned course or 
direction the wind or weather will permit; and Navigation Proper, 
(the part we intend principally to treat of in the present work) 
which comprehends those methods by which a Mariner determines 
at any time the situation of his Vessel, the course she is to be 
steered, and the distance she has to run, to gain her intended poit: 
hence the requisites for a Mariner, in order to understand this branch 
of the Nautical Art, are, a competent knowledge of the figure and 
magnitude of the earth, with the various imaginary circles drawn 
upon it, so as to be able to ascertain the distance and situation of 
places with respect to each other; the method of finding the Ship’s 
Latitude and Longitude, either by her Course and Distance run, or 
by Astronomical Observations; the use wf various Instruments, as 
the Log, Compass, Half-Minute Glass, Quadrant, Sextant, &c.; the 
citferent allowances necessary to be made in estimating a Ship’s way, 
as for Leeway, Variation, and Currents; the Method of finding the 
time of High Water at any place; the use of Charts, both Plane and 
Mercator’s, with the method of coustructing them; all of which par- 
‘iculars, depending upon Matheinatical and Astronomical Principles, 
with whatever relates to the Practical Navigator, we shall endeavour, 
in the following sheets, to explain and illustrate in such a manner as 
to render every part as clear, concise, and methodical, as an Art, em- 
bracing such a variety of subjects, will possibly admit. 


DECIMAL ARITHMETIC. 


W nen any quantity is considered as constituting a whole, it is 
called an Integer; and when an integer is supposed to be divided into 
a certain number of equal parts, any number of these parts, consi- 
dered in their relation to the whole, is called a Fraction, which is ex- 
pressed by two numbers placed one above another with a line be- 
tween them; the lower of these, called the Denominator, denotes 
the number of parts into which the integer or whole is divided, and 
the upper, called the Numerator, expresses how many of these parts 
is contained in the fraction; for instance, suppose a foot divided 
into 6 equal parts, and 4 of those parts were to be considered as a 
fraction of the whole; it would be written in numbers thus 4, where 
the figure under the line shews that the foot is divided into 6 parts, 
and the 4 above the line denotes the number of those parts contained in 
the fraction. 

Fractions whose denominators are 10, 100, 1000, &c. that is, a 
unit with cyphers annexed to it, are called Decimal Fractions; but 
with any other denominators they are called Vulgar Fractions. 

As the denominators of decimal fractions are always one of the 
numbers 10, 100, 1000, &c., it is most convenient to write down the 
numerators only, placing before them a mark called a decimal point, 
to distinguish them from whole numbers; for the value of each 
piace of figures will be known in decimals, as well as in whole num- 
bers, by their distance from the decimal point; which will appear 
by the following table, where the figures to the left hand of the deci- 
mal point are considered as whole numbers, and those to the right, 
decimals. 


Whole Numbers. Decimals. 
6645687 . 246898 
be es eh ET ed 
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Thus . 2 or { is read two-tenths, and 87.24, eighty-seven and 
twenty-fuur hundredths; the latter of these is called a mixed number 
because it consists of a fraction and an integral or whole number. 

In setting down a decimal fraction without its denominator, the 
numerator must consist of as many places as there are cyphers in 
the denominator, and if it have not so many figures, the defect must be 
supplied by setting cyphers before them; thus, ,% is. 3, and +5 
is. 16, and =24, is . 014, and 5.3.5 is . 005, &c 

Hence it appears, that as cyphers on the right hand of whole 
numbers increase their value decimally, or in a ten-fold proportion, 
as 5, 50, 500, &c., so when set on the left of decimal fractions, 
they decrease the value decimally, or m a ten-fold proportion, as . 5, 

05, .005, &c. But cyphers set on the other sides of these num- 
bers make no alteration in their value, either of increase or decrease; 
so 5, or 05, or 005, &c. areall of the same value, as are. 5, or . 50, or 
-500, &c.; for in the latter case it is evident that the numerator in- 
creases in the same proportion as the denominator. 

Having thus briefly explained the nature of Fractions, we shak 
now proceed to lay down the rules necessary to be understood in the 
practice of Navigation, giving a few examples to each by way of 
illustration. 


ADDITION anv SUBTRACTION. 


Ruz. These are performed exactly the same as in whole num- 
pers, observing always to place the decimal points in a line, so that 
figures of the same denomination may range under each other. 

EXAMPLES IN ADDITION. 


5 53 .2 65. 720 1464 


75 79 46 246 .3 39. 

. 253 2 .304 19 .24 7.246 

- 982 127 .4 121 .46 209 .1703 
2. 085 262 .364 452 .00 1025 .5627 


EXAMPLES IN SUBTRACTION. 


eB es 846 25 or aa 176 .014 

a Pe tats 30 ae | 2.561 29 .008 

.25 226 .75 171 .439 147 .0U6 
MULTIPLICATION 


Roure. Multiply the given numbers together as if they were 
whole numbers, and point off as many decimals in the produet 
_ counting from the right hand, as there are decimals in the multi- 

plicand and multiplier together. When it happens that there are 


ae me 
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not so many figures in the product as there must be decimals, supply 
the defect by prefixing cyphers on the left hand. ) 


EXAMPLES. 
25 Multiplicand. 3.275 2376 
. 42 Multiplier. 29.5 .0062 
50 16375 4752 
100 . 29475 14256 
wala 6550 eas 
1050 Product. —_—- . 00147312 
96.6125 
DIVISION. 


Rue. Divide as in whole numbers, observing that the divisor 
and quotient are to contain together as many decimal figures as there 
are in the dividend; if therefore the dividend have just as many 
places of decimals as the divisor, the quotient will be a whole num- 
ber without any decimal figures; if there be more places of deci- 
mals in the dividend than in the divisor, point off as many figures 
in the quotient as there are decimals in the dividend more than in 
the divisor, a want of places in the quotient being supplied with 
cyphers on the left hand; and if there be more places.of decimals 
in the divisor than in the dividend, add cyphers to the dividend to 
make as many places of decimals as in the divisor, then the quotient 
will be a whole number without decimals. 

When after the division there is a remainder, cyphers may be add- 
ed to the dividend, and the operation continued as before, until either 
there is no remainder, or a sufficient degree of exactness is obtained 
tu the quotient. 


EXAMPLES. 
divisor dividend quotient divisor dividend «uotieat 
6.5) 7234.5 (1113. 12.5) .49695 ( .036o 
65 3793 
73 819 
65 750 
84 695 
65 625 
195 740 
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divisor dividend quotient divisor dividend quotient 
. 423) 4°76 .620 (1126 06) 2.30000 ( . 02395 
423 192 . 
535 380 
423 238 
ae 4122 . 920 
846 864 
2760 560 
2538 480 
222 80, &c. 
' REDUCTION. 


To reduce a vulgar Fraction to a decimal of the same value. 
Rute. Add cyphers at pleasure to the numerator, and divide 
by the denominator; the quotient will be the decimal. fraction re- 
quired, 


ey EXAMPLES. 
Reduce 3 of a Mile toa Reduce 33 of a Degree to a decimal 
decimal Fraction. Fraction. . 
6) 3.0 : 60) 23 .000 (.383 or 73%, nearly. 
— 180 
. 5 or 45, which ed 
is a decimal of the same value 500 
with the proposed vulgar Frac- 480 
tion 3. — 
200 
180 
20, &c. 


Every quantity may be considered as a fraction of a larger of the 
same kind; as a league, the ;; of a degree: an inch, the = of a foot, 
&c.; and therefore may be reduced to a decimal fraction, as in the 
following 


EXAMPLES. 
What decimal part of a Foot What is the decimal value of 15 Miles, 
is 9 Inches? considered as a Fraction of a De- 
12) 9.00 gree? 
60) 15 .00 ( .25 or 4e% 
“75 OY ye, Which 120 

is equal to ~, of a Foot oe 

300 

300 
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When the given quantity consists of several denominations, reduce 
them to the lowest, as in common arithmetic; likewise reduce the 
integer to the same denomination; then proceed as before. 


EXAMPLES. 
Reduce 1 Foot 6 Inches to the Reduce 21 Minutes 54 Seconds to the 
decimal of a Yard. decimal of a Degree. 
F. In. “ain Min. Sec. Sec. 
| 6 3 — 1.Yard 21 54 = 1314 Numerator. 
12 12 1 Deg. or 60 0 = 3600 Denomina. 
—_—— — 3600) 1314.000 (.365 Answer. _ 
18 Numerat. 36 Denomin. 10800 
36) 18 .0 (.6 Answer. 
180 23400 
— 21600 
18000 
18000 


To find the Value of a Decimal Fraction in Money, Weight, 
Measure, &c. 


Rute. Multiply the decimal by the number of parts of the next 
inferior. denomination contained in the integer; pointing off in the 
product as many places for decimals, to the right hand, as the given 
decimal consists of, and those to the left hand will be an integer 
number: then multiply the remaining decimals by the number of 
parts contained in the next inferior denomination, and point off the 
decimals as before. Proceed thus till it is brought to the lowest 
denomination. 


EXAMPLES. 
What is the value of .875 of What is the value of .42 of a 
a pound Sterling? Degree*? 
Ay nee : . 42 
20 im 60 
Pr. TTR gest 3h: Pgh | 
Shillings 17 .500 Min. 25 .20 
12 60 
Pence 6 .000 Seconds 12 .00 
Ansr. 17s. 6d. Ansr. 25 Minutes 12 Seconds 


* When tenths of a degree or minute are to be reduced into minutes or seconds, it may 
be expeditiously done by multiplying the tenths by 6, and the product will give the mi- 
nutes or seconds required ; for example, .5 of a degree multiplied by 6 gives 30 minutes 
and .9 of a minute, 54 seconds. (On the contrary to reduce minutes and seconds to 
tenths of a degree or minute, divide them by 6. 
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What is the value of .16669 What is the value of .259 of « 
of a Yard? | League? 
-16669 299 
3 3 
Feet .50007 - Miles .777 
12 8 
Inches 6.00084 Furlongs 6 .216 
220 
Ansr. 6 Inches nearly. Yards 47.520 


Ansr. 6 Furlongs 47 .52 Yards. 


RULE or THREE. 


When three numbers are given to find a fourth proportional, the 
method by which it is performed is called the Rule of Three, and is 
the same in decimals as in common arithmetic: viz. .by multiplying 
the second and third terms together, and dividing the product by the 
first, when the quotient will give the fourth term or proportional 
number required, of the same kind with the second. If the given 
numbers consist of several denominations, they are to be reduced to 
- decimals by the preceding rules. 


EXAMPLES 
If a Ship sail 49.5 Miles in 8 Suppose a Watch or Time-piece 
Hours, how many Miles will gains 14 seconds in 5 Days 6 
she run in 24 Hours sup- Hours, how much will it gain in 
posing her to go at the same 17 Days 15 Hours? 
Rate? 6 Hours =  .25 of a day 
15 Hours = .625 of a day 
flours Miles Hours days seconds days 
$3) 49°. Sis, 24 . 5.25 : 14 : : 17.625 
; 24 ey ° 17.628 
1980 — "4 ae 70500 
990 et Gee 
‘ —— seconds 
8) 1188.0 . 5.25) 246.750 (47 Ansr 
—_—— , 2100 
Miles 148.5 Ansr, 
3675 
3675 
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Locarirums are aseries of artificial numbers, originally in- 
vented by Lord Napier, Baron of Marchiston in Scotland, and after- 
wards improved by Mr. Briggs, in order to expedite long calculations 
in Arithmetic; for by using these numbers, the tedious operations 
of Multiplication and J)ivision are avvided, and performed by Ad- 
dition and Substraction. This method of calculation is called Loga- 
rithmical Arithmetic. 


MULTIPLICATION. 


Rue. Add together the logarithms of the two numbers to be 
multiplied (found in Table XXIV.) and their sum will be a Loga- 
rithm, the natural number corresponding to which will be the product 
required: if either the multiplicand or multiplier, or both of them, 
should consist wholly of decimals, and the index of the sum exceed 
10, reject the 10 and the remainder will be the index of the Logarithm 
auswering to the product. 


EX AMPLES 
Multiply 25 Log. 1.39794 Multiply 23.2 Log. 1.365488 
by 3 Log. 0.47712 by 6 Log. 9.778154 
Product 75 Log. 1.87506 Product 13.92 Log. 1.7 43639 
Multiply 3.71 Log. 0.56937 Multiply .246 Log. 9.390935 
by 2.5 Log. 0.89794 by -07 Log. 8.845098 
Product 9.275 Log. 0.96731 Product .01722 Log. 8.236033 

DIVISION. 


Rouge. From the logarithm of the dividend subtract the logarithm 
of the divisor, and the remainder will be a logarithm, whose corre- 
sponding number will be the quotient required. When the index of 
the divisor exceeds that of the dividend, borrow 10, and the remain- 


_ der will be the index of the quotient. 


* For the history, nature, and construction of logarithms, see the introduction to Dr. 
Hutton’s set of Mathematical Tables; and for the manner in which they aré arranged 
and are to be taken out in this Work, see the explanation to Table XXIV 
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; | EXAMPLES. 
Divide 75 Log. 1.87506 Divide 139.2 Log. 2.143639 
by 3. Log. 0.47712 by 6 Log. 0.778151 
Quotient 25 Log. 1.39794 Quotient 23.2 Log. 1.365488 
Divide 9.275 Log. 0.96731 Divide .01722 Log. 8.236033 
by 2.5 Log. 0.39794 by 07. Log. 8.845098 
Quotient 3.71 Log. 0.56937 Quotient .246 Log. 9.390935 
INVOLUTION. 


InvoLuTion is the raising of powers from a given root. When 
a number is multiplied by itself the product is called its 2d power, 
or square; when this product is multiplied by the given number, the 
last product is called its 3d power, or cube; and when the multipli- 
cation is again repeated, the 4th power, and so on: The Ist power 
or number thus raised is called the root, and the number of the 
power to which the given number is raised, the index of that power; 
hence to raise or involve a number to a given power, multiply its 
logarithm by the index of the power to which it is to be raised, and 
the product will be the logarithm of the power sought. 

When the given number is a decimal Fraction, prefix as many 
cyphers less one as the index of the product wants of being 10 mul- 
tiplied by the index of the power. 


EXAMPLES 
Required the square or 2d Required the square of .174. 
power of 15. : 
Root 15 Log. 1.1 1609 Root 174 Leg. 9.240549 
Index 2 Index . 9 


ee ee 


Power 225 Log. 2.35218 Power .030276 Log. 18.481098 


Required pate or 8d power Required the 5th power of .2. 

Root 2.5 Log. — 0.89794 Root 2 Log. 9.301030 

Index ‘ : 3 Index - : °o 

Power 15.625 1.19382 Power .00032 Log. 46.505150 
EVOLUTION, 


Evo.urion is the extracting of the root of a given power, or find- 
ing a number which when raised to the given power will produce the 
given number; it is consequently the reverse of involution, and is 
performed by dividing the logarithm of the number by the index of 
the power, and the quotient will be the logarithm of the root re- 

uired. 
. When the given number is a decimal Fraction, prefix to the index 
of its logarithm a figure lessened by one than the index of the power, 
and divide the whole by the index of the power. 


LOGARITHMICAL 


ARITHMETY. ip & 


EXAMPLES. 


Required the square root of 
225. 


Power 225 Log. 2) 2.35218 

~ Root 15 Log. 1.17609 

Required the Cube Root of 
15.625. 


Power 15.625 Log. 3) 1.19382 


ee tre ee eee 


Root 2.5 Log. 0.39794 


Required the square or 2d Root of 
030276. 


Power .030275 Log. 2) 18.481098 


ee 
_ 


Root 174 Log. 9.240549 


Required the 5th Root of .00032. 


Power .00032 Log. 5) 46.505150 


a 


Root 2 Log. 9.301089 


RULE or THREE. 


RuLE. 


Aad the logarithms of the second and third terms to- 


gether, and from their sum subtract the logarithm of the first term, 
and the remainder will be the logarithm of the fourth term. 
Or, Add together the arithmetical complement* of the logarithm 


of the first term, 


and the logarithms of the second and third terms, 


the sum, rejecting 10 from the index, will be the logarithm of the 
fourth term, or proportional number. 


EXAMPLES, 


If a Ship sail 49.5 Miles in 
8 Hours, how many Miles 
will she run in 24 hours, 
supposing her to go at the 
same rate? 


As 8 Hours’ Log. 0.90309 


Isto 49.5 Miles Log. 1.69461 
Sois24Hours Log. 1.38021 
Sum 3.07482 

C.90309 


To 148.5 Miles. Log. 2.17173 


Or thus, 
As 8 Hrs. Arith. Co. Log. 9.09691 
{s to 49.5 Miles Log. 1.69461 
So is 24 Hours Log. 1.38021 


To 148.5 Miles. — Log. 2.17178 


Suppose a Watch oF Time-keeper 
gains 14 Seconds in 5 days 6 Hours, 
how much will it gain mm 17 Days 
15 Hours ? 


As 5.25 Days Log. 0.720159 


Log. 1.146128 

Log. 1.246129 

Sum 2.392257 
0.720159 


Log. 1.672098 » 


Is to 14 Seconds 
So is 17.625 Days 


To 47 Seconds 


Or thus, 
As 5.25 Arith. Co. Log. 9.279842 
Is to 14 Seconds Log. 1.146128 
So is 17.625 Days Log. 1.246129 


To 47 Seconds. Log. 1.672098 


Note—See these Examples worked in Decimal Arithmetic. 


* For the method of finding the arithmetical complement of a logarithm, see explanation 
to Table XXIV. 
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DEFINITIONS. 


 F 


GEOMETRY* is the science or doctrine of extension, or things 
extended; that is, of lines, surfaces, and solids; or it is that science 
which treats of the descriptions, properties, and relations of magni- 
tude in general. 


Il. 


A point is that which hath no parts, being considered in mathe- 
', matics as indivisible, and may be expressed by a dot. 


RS}: 


A LIne is that which is produced by the motion of a point, and 
has length without sensible breadth or thickness, 


tvs 


A STRAIY LINE, OF RIGHT LINE, 1s that 
which lies evenly between its extremes, 


without changing its direction, and is the a B 
nearest distance between the two points that 
terminate it, as a B. 

Va . 


A CURVED LINE Is that which is not the 
nearest distance between its extremes or On a age. ae 
ends, as CD. v 

A line is generally expressed by two letters at 1ts extremes. 


VI. 


PARALLEL LINES are such as are in the 
same direction, being in every part at the 
same distance from each other, and which, 4 
if infinitely extended, would never meet; as _c 
the lines aB, cp. 


* Geometry originally meant nothing more than the art of measuring the earth, and 
is said to have been invented by the Egyptians, who had recourse to it in order to 
ascertain the artificial boundaries of their land, which was entirely obliterated by the 
annual inundation of the Nile; but the Science, in its present extended sense, consti- 
tutes the principal foundation of all the mathematies. 
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VIL. 
A SurrErFicies, or SurFace, is that which is conceived to have 
length and breadth only, without any consideration of thickness, and 
its boundaries are lines. 


VIL 


A Puane SurerrFiciss is that which lies evenly between its ex- 
tremes, so that a right line may wholly coincide with it in all parts 
and directions. 


IX. 


A Soxtp is that which hath length, breadth, and thickness, and 
its bounds or extremes are Superficies. 


- 


A Circte is a plane figure bounded by a A 
curved line called the CircUMFERENCE, as 
ABD, which is in every part equally distant 
from a point within it called the Center, 
as c; itis formed by the revolution of a line 
about one of its extremities, which remains : 
fixed. Y 

The Circumference of itseif is often called 
the Circle, although properly the circle is 
the space contained within the circumfer- 
ence. 

The Circumference of every circle is usually supposed to be divided 
into 360 equal parts called pEGrees, each degree into 60 equal parts 
called minutrEs, each minute into 60 equal parts called seconps, 
and so on. 

Degrees, minutes, and seconds, are thus expressed, 40° 32’ 15”; 
that is 40 degrees, 32 minutes, and 15 seconds. 


eae 


XI. 
An Arcu or Arc of a Circle is any part 
- of the Circumference, as pFE. F 
foe 
XII. 


A Cuorp is aright line joining the ends 
of an Arch, as px; it divides the Circle into 
two unequal parts called seGMENTS; aS DFE 
and pGE. G 
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XIII. 


A Diameter isaright line drawn thro’ G 
the center of a circle, and terminated at both 
ends by the Circumference, as acy; it di- 
vides the circle into two equal parts called 


SEMICIRCLES; a8 AGB and AFB. i 2 
: Cc 
XIV. ¥, : 
A Quaprant is halfa semicircle, or the aes Fe 
fourth part of the whole Circle, as ACG OF (0 rrvcsecesom™ si 
GCB. ¥F 
XV. 


A Raptus or SEMIDIAMETER is a right line drawn from the 
center to any part of the Circumference, and is the extent taken in 
the Compasses to describe a circle, as cA, CG, or CB. 


XVI. 
A Sector is any part of a Circle, compre- 


hended between two Radii and their included 
Arch, as ACB. 


ee “nee, O4,, > 


oe 


XVII. B 


An Anate is the inclination or opening of 
two lines meeting in one poirt: the point where 
they meet is called the ANGULAR POINT, as A$ 
and the lines that include it, the sIpEs or LEGS, 
as AB, Or AC. - 


XVIIL 
An Angle is sometimes expressed by three Letters, the midale one 
always denoting the angular point, and the other two the Legs that 
include it; but generally by the Letter at the anguiar point only; as 
the Angle sac, or the Angle a. 


XIX, 


_ An Angle is measured by an Arch of a Circle 
contained between its Legs, making the angular 
point the center of the Circle; thus the Arch 

as is the measure of the Angle acs. c 
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XX. 


Angles are said to be equal to each other when _ 
the Arches that measure them are equal, as the 
Angles acz and per. | 


XXI. 


One Angle is esteemed greater or less 
than another according as the arch _ be- 
tween its legs is greater or less; thus the 
Angle cui is greater than the Angles acg 
or DEF. H 1 


From the preceding definitions it will appear evident that the mea- 
sure of an Angle does not depend on the length of its legs, but on 
their inclination only; for, as we have just seen, the Angle Gui is 
greater than the Angles acz or peEF, although the legs of the latter 
are longer than those of the former. 


XXII. 


As all Circles are supposed to be divided into 360 equal parts, called 
degrees, &c. a certain number of these divisions will be contained 
between the two legs of the Angle; wherefore an Angle is said to 
measure sO many degrees, minutes, é&c. as are contained in the Arch 
between the legs. 


XXIII. 


The Arch which measures an Angle may be described with any 
radius; for, since the whole circumference of every circle is supposed 
to be divided into the same number of parts, it hence follows that the 
divisions will be greater or less in the same proportion as the whole 
circumference. 


XXIV. 


When one right line falls upon another, so D 
as to make the Angles on each side of it 
equal, it is called a PERPENDICULAR, and 
the Angles formed by these lines, as the 
Angles acp, pcp, are called RIGHT ANGLES$ 
now as the semicircle aps contains 180 de- 
grees, (the half of 360), all right Angles will 
contain an Arch of 90 degrees, equal to the 
fourth part of the whole Circle. 
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XXV. 


An Acute ANGLE is that which contains less 
than a right Angle, or 90 degrees, as the Angle 
CAB. 


XXVI. 


An Ostusz ANGLE is that which con- *? 
tains more than a right angle, or 90 de- 
grees, as the Angle FpE. 


eon th LS Seat 
aS 


D & 
XXVII. 
Acute and obtuse Angles are called OstiqguE ANGLES. 
XXVIII. 


The Sine or Rienr Sine of an Arch, 
is a right line drawn from one extreme 
of the Arch, perpendicular to a Diameter 
drawn to the other extremity, and is equal 
to half the Chord of double the Arch; 


thus pe is the Sine of the Arch pp, and Lie Pat a 
is equal to half the Chord pr of double +: Piag 
the Arch psi. i. bid 
“ : ie 
oe? oa 


X XIX. 
The VerseEp S1ne of an Arch is that part of a diameter contained 
between the Sine and the Arch; thus EB isthe Versed Sine of the 
Arch pps. 


XXX. 


The Tancent of an Arch is a right line drawn perpendicular to 
the end ofa diameter passing through one extremity of the Arch, 
and continued till it meets a right line drawn from the center through 
the other end of the Arch; thus azn is the Tangent of the Arch pz. 


XXXI. 


The Secant of an Arch is a right line drawn from the center 
through one end of the Arch till it meets the Tangent drawn from 
the other end: thus ca is the Secant of the Arch pa. 
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XXXII. 


The CompLemeEntT of an Arch is what it wants of a right Angle, 
or 90 degrees; thus cp is the complement of pp, or pB of pa. 


XXXIT. 


The Suprremenr of an Arch is what it wants of two right 
Angles, or 180 degrees; thus Lo is the Supplement of ps, or pe 
of LD. 


XXXIV. 


The Co. Sinz, Co. Tancent, Co. Srecanrt, and Co. Versep 
Sine of an Arch, is the Sine, Tangent, Secant and Versed Sine 
of the Complement of that Arch; Co. being a contraction of the 
word Complement: thus pr is the Co. Sine, cu the Co. Tangent, 
cu the Co. Secant, and cr the Co. Versed Sine, of the Arch pp; 
being the Sine, Tangent, &c. of the Arch pa, the Complement of 
the Arch pr. 

The Sine, Tangent, and Secant of an Arch, as of pp, is likewise 
the Sine, Tangent, and Secant of the Supplement of that Arch, as 
of Lp. 

XXXKV. 


An Angie being measured by an Arch ofa Circle, (see Def. XIX.) 
the Sine, Tangent, &c. of an Arch is the Sine, Tangent, &e. of 
the Angle which is measured by the Arch, or of the degrees and 
minutes, &u. cat the Arch contains; hence, supposing the Arch 
DB, which measures the Angle pcs, to contain 50 degrees, the lines 
DE, AB, Ac, and Ex, will be respectively the Sine, Tangent, Se- 
cant, and Versed Sine of the Angle aces, or of 50 degrees ; and 
consequently the Co. Sine, Co. Tangent, Co. Secant, and Co. — 
Versed Sine, of the Angle ccp, or of 40 degrees, the Complement 
of 50 degrees. 


XXXVI. 


A Puane T'R1anGLe i8a figure bounded by three right lines, and 
contains three Angles, of which there are several kinds, both with 
respect to their sides and Angles. 


XXXVII. 


An EeuILATERAL TRIANGLE is that which 
has its three sides equal to one another, as IN 
ABC. 


Rees en ae, O 
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XXXVIIT. 


An IsosceLes TRIANGLE is that which 


F 
has only two sides eaual, as DEF. ” 


XX XIX. 


A ScaLENE TRIANGLE is that whose 
sides are all unequal, as GHI. 
XL. 


D 
x 

2 
Cc 

A Riegut ANGLED TRIANGLE is that 

which has one of its Angles right, or con- 

taining 90 degrees, as the Angle a; the side 

opposite the right Angle is called the Hy vo- 

THENUSE, aS Bc; and the other two sides * 


are caHed Lees, that which stands upright, 
the PERPENDICULAR, as ac, and the other the Bass, as Ba. 


XLI. 


F 
An Acute ANGLED TRIANGLE is that 
wnich has all its Angles Acute, as DEF. 
: Eg 


XLII. 


AnOsrtuss AncLev TRIANGLE Is that I 
which has one of its Angles obtuse, as the 
Angle in the Triangle eur. 


~] 


XLII. 


All Triangles that are not right Angled, whether they are acute or 
obtuse, are, in general terms, called OBLigue ANGLED TRIANGLES), 
without any other distinction. | 
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PROBLEMS. 


PROBLEM I. 


To divide a given right line as into two equal parts. 


Take any extent in the Compasses 
greater than half the line an, and with 
one foot in p describe an Arch; with 
the same Radius, and one foot in a, de- sas 
scribe an Arch cutting the former in c Rah hate! R 
and p; through c and p draw a right © aoe oo 
line, and this line will divide the given 
line aB into two equal-parts at the ais 
point x. D 

In this manner any Arch of a Circle am 
may be divided into two equal parts. 


PROBLEM II. 


From a given point c, in a given right line aB to ratse a 
perpendicular. 


Case Ist. When the given pomt c Ve 
1s near the middle of the line an. 

With one foot of the Compasses in 
c, at any distance, draw an Arch 
cutting the line ap in pand £, from 
the points p and £, with any distance 
greater than cre or cn, describe two 
Arches cutting each other in F; thro’ a : 
the points r and c draw the line 1c, D Cc E 
and it will be perpendicular to the given line as. 


Case 2d. When the given point c is 
at, or near, the end of the line apr. 
Take any point out of the line, as p, 
and with the distance pc describe a Circle, 
cutting the line av in £ and c; through 
the center p and the point £, draw the 
right line Er cutting the Circle in F; 
othen a line drawn through r andc will a 
“be the perpendicular required. 


D2 
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Or thus: Describe the Arch pe at any 
distance from c and with one foot of the 
Compasses in p, with the same extent, 
describe an Arch cutting the Arch pE in 
E; from this point, keeping the same 
extent in the Compasses, draw the Arch 
G; through p and e draw the right line 
DG, cutting the Arch in ac; then drawa 
right line through a and ¢ and it will be a 
the perpendicular required. 


. PROBLEM IIL 


From a given point c t& let fall a perpendicular on a given right 
line ax. 


Case ist. When the point c is nearly op- Cc 
posite the middle of the line as. 

With one foot of the Compasses in c de- 
scribe an Arch cutting the line ax in p and 
rk; from these points, at any distance, de- 
scribe two Arches cutting each other in F; 
through the poimts c andr draw a right 
line, and it will*be perpendicular to the 
given line ax. ay 


Casr 2d. When the given point c is 
nearly opposite to the end of the line az. 

Place one foot of the Compasses in any 
part of the given line, as at a, and with 
the distance ac describe the Arch cE; 
then, from ‘any other part of the given 
line nearly under the point c, as at p, 
with the distance pc describe a small Arch 
cutting the Arch cx in £, then a line drawn : 
through the points c and £ will be perpen- mE: 
dicular to the line as. ES 


PROBLEM IV. 
To draw a right line parallel to a given right line ax. 


Case Ist. When the parallel line is to Ea e D 
pass through a given point pb. ae a 
Take the nearest distance between the 
given point p and the right line as; with ALB 
that distance set one foot of the Compasses c 
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on any part of the line an, asatc, and describe the Arch £; from 
the point p draw a line so as just to touch the Arch & without cut- 
ting it, and that line will be parallel to the given line as through the 
given point pb. 


Case 2d. When the parallel line is to D E 
be at a given distance from the right line eam ; 
AB. ; 

With the given distance in the Com- a B 
passes, describe two Arches p and x from ¥F G 


any two points as F and a in the given right line; then a line pg 
drawn just touching the two Arches without cutting them, will be 
parallel to the given line ax. 


PROBLEM V. 


At a given point pv in the right line px to make an angle tv¥F equal to 
a given Angle cBA. 


With one foot of the Compasses in Bs, 
at any distance describe the Arch Gu; 
through p draw the line pr, and, keeping 
the same extent in the Compasses, place 
one foot in p and describe the Arch imix; 
then take the distance au, apply it to the 
Arch 1« from x to 1,and through the points 
p and 1, draw the line pe; the See EDF 
will then be equal to the Angle cza, as was 
required, 


: PROBLEM VI. 
To divide a given Angle axzc into two equal parts. 


From the angular point 8 with any ex- 
tent in the Compasses describe the Arch 
DE; from p and £, with the same or any 
other extent, describe two Arches cutting 
each other in F; through the points sp and 
¥ draw a right line, and it will divide the 
Angle into two equal parts. 

In the same manner any given Arch of * 
a Circle i is bisected when the center of the Circle is given. 


22 _ PRACTICAL GEOMETRY. 


PROBLEM VII, 


Fo divide a Circle ancy into two, four, eight, sixteen, thirty-two, &. 
equal parts. 


Draw a Diameter ap, and it will di- . c 
vide the Circle into two equal parts; a 
from the points a and p describe the 
Arches at c and p, a line drawn through 
these will divide the Circle into four 
equal parts; then bisect the Arches ac, 
cn, &c. by the last Problem, and the . 
Circle will be divided into eight equal 
parts, and so on by continual bisec- 
tions. 

This Problem is useful in construct- 
ing the Mariner’s Compass. 


| a 
PROBLEM VIII. 


To draw the circumference of a Circle through any three given points 
A, B, C, not situated in a right line. 


Draw lines joining az and sc, and Wite-iilelge nga 
bisect them by lines meeting in 0, as oye 
directed in Problem I.; then from o 
at the distance of any one of the points, 
as oa, describe a Circle, and it will 
pass through the other points » and c 
as required. i 

In this manner the center of a Circle 
may be found; for taking any three 
points in the Circumference, and pro- 
ceedirg as before directed, the lines 
meeting at o will give the center required, 


PROBLEM IX, 
To divide a given line ax into any proposed number of equal parts, 


Let it be required to divide the line 6 7 
AB into seven equal parts; from one AE ee 
end a of the given line an draw a right ie Spe ' 
line ac, making any Angle with an, and 4=— hal? 
from the other end = draw a linespp <4 Vg 
parallel to ac; on each of the lines ac,, % = -4°°4 
BD, beginning at a and x, set off asp-“7 ® 
many equal parts as ap is te be divided into, viz. seven; then lines 
drawn from a to7, 1to 6, 2to5, 3 to4, &c. will divide the given 
line into seven equal parts. 
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PROBLEM X. 
To construct Scales of equal Parts. 


_ The simplest Scale of equal parts is made by drawing a strait line 
and dividing it with a pair of Compasses into as many primary di- 
visions as convenient, which if the line is of a definite length may 
_ be done by Prob. [X., and subdividing one of these decimaily, or into 
ten equal parts; then each of the former may represent 10 units, 
as leagues, miles, &c.. and in that case the latter will represent one 
of these units: or if the larger divisions are supposed to be 10vu, then 
the subdivisions will be tens,*and so on: suppose, for example, it 
were required to set off from the Scale 25 or 250; set one foot of a 
pair of Compasses on 2 among the primary divisions, and the other 
on the 5th subdivision; then this extent will represent 25 or 
250 miles, leagues, or any other measure of length as it may be 
required. 

There are frequently several of these Scales drawn parallel to 
each other of different lengths on a flat rule, (as Fig. 1, Plate I. ;) 
they are divided into as many equal parts as the length of the rule 
will admit; the numbers placed on the right hand shewing how 
many parts in an inch each scale is divided into. ‘These Scales are 
sometimes subdivided duodecimally to adapt them to feet and inches 
when used in Mensuration, or sexagesimally to represent degrees and 
miles on Maps and Charts. 

But the most correct Scale of equal parts is the plAGONAL SCALE, 
(Fig. 2, Plate I.) the larger divisions of which are commonly an 
Inch or half an Inch, and sometimes a quarter of an inch, subdivid- 
ed into one hundred equal parts; to construct this scale draw eleven 
equidistant parallel lines; divide the upper of these lines aE into 
such a number of equal parts as the Scale is intended to contain; 
from each of these divisions draw perpendicular lines through 
the eleven parallels to the line cr; subdivide the first of these di- 
visions ab and cp into ten equal parts, and from the point c to 
the first division in the line a8, draw a diagonal right line, and lines 
parallel to this through each succeeding subdivision; then will each 
diagonal line in passing from the line Ba to pc be one tenth of the 
subdivisions further from the line pz at the points where they inter- 
sect each succeeding parallel from pa to nc, that is, one hundredth of 
the larger divisions, by which means it is divided into one hundred 
equal parts. 

If therefore the larger divisions be accounted as units, the first 
subdivisions will be tenths, and the second, marked by the diagonals 
upon the parallels, hundredth parts; but if we suppose each of the 
larger divisions to represent ten, then the first subdivisions will be 
units, and the second tenths; or if the larger divisions be hundreds, 
then will the first subdivisions be tens, and the second units; so 
that the value of the subdivisions depend on that of the larger 
divisions. 


“and the six subdivisions, upon the sixth parallel, will be six! Henths 4} 
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a st 


The numbers 376, 37 6, 3.76, may herons all be expressed ie the 
same extent of the ‘Compasses :! thus setting one foot in the line 
marked 3 of the larger divisions, on the sixth parallel, and .extend- 
ing the other along ‘the same: parallel to ithe seventh diagonal, that | 
distance will be the extent required; for if the three larger divisions | 
be taken for 300; seven of the first subdivisions will he 70, which 
upon the sixth parallel, taking in six of the second subdivisions for 
units, makes the whole number 376; or if the three Jarger divisions © 
be taken for 30, seven of ‘the first subdivisions will be seven units, 


of a unit: lastly, if three larger divisions be esteemed as only 3, then - 
will the first subdivisions’ be seven. tenths, and the six ‘second | 
subdivisions be the six hundredth parts of a unit. 


PROBLEM XL. | ‘i 
To construct Lines of Chords, Sines, &c. 


Describe a semicircle Ape with any convenient radius, (Fig. 3, 
Plate I,) and upon the center c, erect the perpendicular cD, ccn- 
tinued at pleasure to F; through pep draw pe parallel to cr, and 
draw the right lines ap and pp. Divide the ulhbae DB intog | 
equal parts, and with one foot of the Compasses in B and the’dis- | 
tances B 10, B 20, &c.: transier them to the right Jine ep, which will 
pe a LINE OF Cuorps. 

Divide the quadrant apjinto 8 equai parts, and with one foot of ) 
the Compasses in a, and the distance a 1, a2, &c. transfer them to | 
the right line ap and it will be a tive or Ruvmes, containing 
eight Bee of the Compass. 

“From the points 10, 20, 30, &c. inthe Arch pp, draw lines parallel 


to pc which will Bride the wide CB into a LINE OF SINES, reckon- § 


ing from c to B, or of VERSED Sines, if it be numbered from B toe -_, 
which may be continued to 180, if the same divisions be transferred r 
to the line ca, the other half of the diameter. 

From the center c draw right lines through the several divisions — 
of the quadrant pe until they cut the line pr which will barons a : 
LINE OF TANGENTS*, aed 

Transfer the diste ices between the center c and the divisions.on 
the line of Tangents, to the line pr and these will give the divisions _ 
of the LINE OF SECANTS, which must be numbered from eRe 
towards F. yr 

From a draw right lines through the several creates of the re ch 
Bp, and they will divide the ‘radius cp into a LINE oF SEMI- 
TANGENTs, Which are to be marked with the corresponding figures 
of the Arch ps, 


: 


* From the construction of the lines of Chords, Sines, fad enséntx. at % obvious 
that the Chord of 60°, the Sine of 90°, and the Tangent of 45°, are all egpab to the 
radius of the Circle. 


i : os 


t ONSTROUCTION OF THE LINE S 
ON THE 


PLANE SGALE,&c. 


10 FE 


= 
4 
est aCe 


3)0 , zo 10, [Lon!| 


so, Go | zlo_ slo pACho! 


4|0 
TOATOUTET TTT TTT 


40 
Secants 


0 


Secants 
310 


20 


6/0 


| 
CUCU 0G8| ES BOOT RHODE MaceeRTORE Ren 
ne’ 


lo sfo___| ao 


v 


3 gO 7 


te) 


20 3]0_ ajo 


° 


N 
5 


[Sin.| alo 2lo_ slo Jo sfo eo 7pol| [2 


[Tan] ajo 


S.7.] psp so40 4 


Cho. [ alo 


: 70 60 50 40 30208 
Equal Parts Versed. Sines 


hag. I COMMON SCALE OF EQUAL PARTS. 


ee ee ee 
| oa ee oe a a a Oe 


Fig. 2. DIAGONAL SCALE OF EQUAL PARTS. 


TS SS ee ee eee 
fb 44 


“ _ Norte delin! ; Stephensoit 8s 
DO _— ra " Pov eS ; Oe 2 my eo 


AIAN rod fiiytooif a 
hay iat ey aly 
¥ \ 


aa aye ys 


P2h, 


PRACTICAL GEOMETRY. 25 


Divide the radius ac mto 6 equal parts; through each of these 


» draw lines parallel to cp, intersecting the Arch ap, then, with one 
foot of the Compasses in a, and the distances of the Arch a 50, 


a 40, &c. transfer these to the right line ap, and it will give the 
divisions of the ning or Lone1TupE. 

If this line be laid upon the Scale close to the line of Chords, so 
that 60 on the line of longitude be opposite o on the Chords, and 


any degree of latitude be counted on the Chords, there will stand 


opposite to it, on the line of longitude, the miles contained in one: 
degree of longitude in that latitude; the measure of a degree at the 
Iquator, being 60 miles. — 

In the Figure the divisions are given only to every tenth degree, 
and each point of the Compass, which is sufficient to explain the 
method of construction; but in Figure 4, these lines are graduated 
to degrees, and the Rhumbs to quarters, and placed parallel as ex- 
hibited on one side of a flat Rule, which, with the scale of equal ~ 
parts on the other side, constitutes the instrument called a Plane 
SCALE. | 

Besides the lines already mentioned, there are frequently on the 
Plane Scale a line of leagues and a few other lines, which are onl 
sO many scales of equal parts, each having the equal divisions of dif- 
ferent lengths, for the more readily laying down lines and figures 
of different lengths and magnitudes. 


PROBLEM XII. 


To make an Angie that shall contain any proposed number of 

degrees. opens 

Casz Ist. When the given Angle is night, ©]. 
that is, contains 90 degrees. ! rat i 
~ Draw the line az, and from the Scale take 
the extent of the Chord of 60 degrees in the 
Compasses; then set one foot of the Com- 
passes in a, and with the other describe the 
Arch ep, and set off thereori, from £ to p, the 
distance of the Chord of 90°; through a and — E 


p draw the right line ac, then will the Angle pac bea right Angle. 


CO 


By this method a perpendicular may easily be raised on a given 
line, since the Angle formed by one line that is perpendicular to ano- 
ther, is always a right Angle. 

Cast 2d. When the Angle is to be acute; D/C 


suppose one that shall contain 48 degrees. re 


_ Draw the line as, and with one foot of 

the Compasses in a, (the Chord of 60 degrees 4,8 
being taken as before), draw the Arch Ep, on s sgh 
which set off 48 degrees from £ to p; through ‘ 5 
aand p draw the right line ac; then will the Angle pac be made, 
containing 48 degrees, as was at | 
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Case 3d. When the Angle is to 
be obtuse; suppose one that shall ee 
contain 126° 30%. ae acne 
Draw as, and from the point a  D “, 
with the Chord of 60°, as before, draw 
the Arch pg, and, as the divisions on 
the scale extend no further than 90°, 
first set off 90° from xr to F; then 
set off the remainder, or excess above A 
90°, that is, 36° 30’, from F to p; through a and p draw the line ac, 
and the Angle Bac will contain 126° 30’, 


PROBLEM XIII. 


To measure a given Angle Bac. 


With one foot of the Compasses in the angular point, and with the 
Chord of 60 degrees, describe the Arch pe (see the Figures in 
Problem XII.) cutting the legs in p and £; then the distance DE 
applied to the line of Chords, from the beginning, will shew the 
measure of the Angle pac, if it contains less than 90 degrees; but 
when the Arch exceeds that quantity, take 90 degrees from the line 
of Chords, and set it off from & to r, then measure the excess pF, and 
their sum will give the measure of the Angle required. 

The construction of Triangles will be explained in Trigonometry ; 
but before the Learner begins that subject, we would recommend 
him, if he have time, to study the Use of Gunter’s Scales, and the 
Sector, as these Instruments will afiord him easy, elegant, and concise 
methods of resolving Triangles. 


DESCRIPTION AND USE 


GUNTER’S SCALES. 


—— 


OF THE COMMON GUNTER. 


Tus Instrument is a flat Rule, usually two feet in length, and 
about an inch anda half broad, having on one side Equal Parts, 
Rhumh«, Chords, &c. as on the Plane Scale; and on the other the 
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logarithms of these numbers; hence the lines on this side are called 
logarithmic lines: they were invented by Mr. Edmund Gunter, who 
applied the logarithms of Numbers, and of Sines and Tangents to 
strait lines, by taking the lengths expressed by the figures in those 
logarithms from a scale of equal parts, and applying - them to lines, 
as laid down on the Rule. 

. On the logarithmic side of the common Gunter are the eight 
ere Lines. 

A line of Sine Rhumbs, marked s. r., which contains the loga- 
vale of the natural Sines of every point and quarter point of the 
Compass, numbered from the left hand towards the right, with 
1, 2, 3, 4, 5, 6, 7, 8, where a brass pin is fixed. 

2. Aline of Tangent Rhumbs, marked v. R., corresponding to the 
logarithms of the tangent of every point and quarter point of the 
Compass. ‘This line is : numbered 1, 2, 8, 4, from left to right and 
back again with 5, 6, 7, from the right towards the left. To take 
off any ? number of points below 4, we must reckon from the 1 towards 
the right hand, but any number of points above 4 we count towards 
the left hand. 

2 A line of Numbers, marked Num., on which most of the others 
depend, containing the logarithms of Numbers, and is figured from 
the left band of the Scale towards the right to 1 or 10, near the 
middle of the Scale; these divisions are subdivided into ten unequal 
parts, and these again into ten, five, or two parts, as room will per- 
mit; the whole of these divisions and subdivisions are repeated from 
the middle towards the right hand, being exactly of the same 
leneths, but ten times the value of ‘the corresponding numbers in 

the first part. 
~ Ifthe 1 at the beginning of the line represents 1 unit, the next 
primary division, marked 2, will represent 2 units, and the middle 
1 will be 10, the following 2 will be 20, the 3 will stand for 30, and 
soon, the 10 at the right hand representing 100. Ifthe left hand 
1 stands for 10, then the 2 will stand for 20, the3 for 80, the middle 
1 for 100, the foliowing 2 for 200, and the 10 on the right hand for 
1000; in like manner if the first 1 be esteemed 1 tenth, the next fol- 
lowing 2 will be 2 tenths, the middle 1 willbe J unit, the next 2 
will be 2 units, and the 10 at the end will be 10 units. Again, if the 
first 1 be counted 1 hundredth part, the next 2 will be 2 
hundredth parts, the middie 1 will stand for 10 hundredth parts, 
orl tenth, the next 2 for 2 tenths, and the 10 at the end will stand 
for 1 unit, or whole number. 

It is manifest that the value of the subdivisions must depend on 
that of the primary divisions; for, suppose the first 1 at the left hand 
be reckoned for 1 unit, then the first followmeg principal subdivision 
will be 1 tenth, the second 2 tenths, and so on to the next primary 
division, which will represent 2 units; reckoning on in the same 
manner till you come to the middle 1, which will penapcecs ti then 

B33 
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the next following principal subdivision will be 11, the next 12, 
where a brass pin is’ fixed; the next primary division 20, and 
soon to 100: and in the same way will the smaller subdivisions be 
valued. 

As this line is of great :mportance, we shall add a few examples 
to render what has been said the more clear. Suppose the point re- 
presenting 25 be required:—the primary division 2 on either half is 
to be .reckoned for 20, then counting forwards to the nght, to the 
fiith principal subdivision, that point will represent 25, or 250, or 
2500, &c. Again, let the point representing 146 be required. Here 
the 1 at the beginning, or in the middle, may be esteemed 100, the 
fourth principal subdivision on the right will then be 140, and be- 
cause the interval between 140 and 150 is divided into 5 parts, each 
will be valued as 2, therefore, counting forwards 3 of these latter sub- 
divisions, that point will represent 146. 

Once more; suppose the place of 1785 be required:—the one at 
the beginning or middle is to be taken as 1000, the seventh following 
principal subdivision will be 1700; the fourth following smaller sub- 
division will be 1780, and the fourth part of the next smaller sub- 
division will be the point representing 1785. 

4. A line of Sines, marked Stn., beginning at the left hand, and 
numbered towards the right at each degree as far as 10, and then at 
each 10th degree to 90; the subdivisions under 10 degrees are usnal- 
ly 10 minutes; from 10 to 20 each is half a degree; from 20 to 30 
each is a degree; from 30 to 80 each is 2 degrees; and from 80 to 
90 each is 5 degrees. 

5. A line of Versed Sines, marked v. s.; it is numbered from the 
right towards the left, at each 10th degree as far as 160; the subdivi 
sions from 20 to 90 are usually each two degrees; from 90 to 1380, 
one degree, and from 130 to the end, half a degree. 

6. A line of Tangents, marked 'Tan.; it is numbered from the left 
hand tuwards the right as far as 45 dgrees, which is equal to Radius 
or the Sine of 90 degrees; and, since the Leg. ‘Tangent of an Arch 
above 45 degrees, is the arithmetical complement of the tangent of 
an Arch as much less than 45 degrees, the same division represeurs 
40 or 50 degrees, 30 and 60, and so on; for if the line of taa 
gents were continued beyond 45 on the right, the divisions would 
be exactly the same length only reversing the order; therefore, in- 
stead cf such continuation, it is more convenient to reckon the 
degrees above 45, backwards, or from right to left, observing at the 
Same time that the degrees above 45 are to be supposed, when using 
the line, increasing towards the right hand, as in the other parts of 
the line. 

The Subdivisions en this line are nearly the same as on the line 
of Sines; indeed, these as well as the other lines are variously sub- 
divided on different Rules, according to the accuracy and goodness 
of the Instrument, 
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7. A line of Meridwnal Parts, marked meEr., reckoned from ight 
to left, each larger division representing 10 degrees, and the smailler 
each 1 degree, or GO meridional miles. 

8. A line of equal Parts, marked £. p., numbered from night to left, 
each large division representing 10 degrees of the Equator, or 600 
miles. ‘The first of these divisions is sometimes divided into 10 equal 
parts, each representing a degree, or 60 miles, and these again into 
halves or quarters of 30 or 15 miles each. 


USE OF THE LINE OF NUMBERS. 


Multiplication 1s performed on this line by extending the Com- 
passes from 1 to either of the factors*, and that extent will reach 
from the other factor to the product. 

Suppose, for example, it were required to find the product of 16 
multiplied by 5: Set one foot of the Compasses in 1, and the other 
in 5, then that extent will reach from 16 to 80, the product 
required. 

When the product contains four figures, the fourth cannot be 
well ascertained by the Scale, but it may be easily found by 
multiplying the unit figures of the factors, and the unit figure of 
their product will be that of the product required. For example, 
suppose it were required to find the product of 22 by 16; the extent 
from 1 to 16 will reach from 22 to about 350, but as the divisions are 
too small to distinguish the last figure, therefore multiply 2 by 6, 
which will give the product 12; hence the product required is 
352, 

Division being the reverse of Multiplication, extend from the 
divisor to 1, and that extent will reach from the dividend to’ the 
quotient. | 

Example—divide 80 by 5. Exiend from 5 to 1, and that extent 
will reach from 80 to 16, the quotient required. 

To reduce a Vulgar Fraction to a Decimal, extend from the de- 
nominator to the numerator, and that extent will reach from 1 to 
the decimal! fraction required. 

Example—Required the decimal fraction equal to # Extend 
from 4 to 3, and that extent will reach the same way from 1 to .75, 
the decimal required. 

To perform the Rule of Three—State the question so that the 
first and third terms may be of the same name; then the fourth 
term will be of the same name with the second, and greater or less: 
than the second, as the third is greater or less than the first; then 
extend the Compasses from the first to the third term, and that 
extent will reach from the second to the fourth term. 


® The factors are numbers multiplied, of which one is called the Multiplicr, and the 
other the Multiplicand, 
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Example—If a Ship sail at the rate of 26 miles in 3 hours, how 
many miles will she sail in 24 hours? 

Here, as 3 hours is to 26 miles, so1is 24 hours to the Answer; 
therefore, extend from 8 to 24, and that extent will reach from 26 to 
208, the miles required. — 

To find the area, or superficial content of a square, or rectangle, 
extend from 1 to the breadth, and that extent will reach from the 
lencth to the superficial content. 

}.xample-—Suppose a board or plank measures 18 inches broad, 
and 25 feet in length, required the superticial content. 

Extend from 1 to 1.5, (= 1 feot 6 inches,) and that extent will 
reach from 25 feet to 37.5, or 87 feet 6 inches, the contents 
required. 

To find the solid contents of a Bale, Box, Chest, &c. or any other 
rectangular solid, extend from 1 to the breadth, and that extent will 
reach from the length to a fourth number; then extend from 1 to 
the depth, and that extent will reach from the fourth number to the 
solid contents. 

Example—Required the solid contents of a Box measuring 3 feet 
broad, 5.5 feet long, and 2 feet in depth. 

Extend from 1 to 3, and that extent will reach from 5.5 to 16.5; 
then extend from 1 to 2, and that extent will reach from 16.5 to 33 
feet, the solid contents. . 


JSE OF THE LINES OF SINES AND TANGENTS. 


These lines are used with the line of Numbers in working pro- 
portions in Trigonometry, by the Rule above, as will be fully exem- 
plified when we treat on that subject. 


USE OF THE LINE OF VERSED SINES. 


This line is used with the line of Sines in resolving a Spherical 
Triangle when the three sides are given to find the Angles, or the 
three Angles, to find the Sides, as will be explained in the Methods 
of working an Azimuth. ~ 


USE OF THE LINES OF MERIDIONAL AND EQUAL PARTS. 


These lines are always used together, and only in Mercator’s Sail- 
ing, Or in constructing a Mercator’s Chart; when the Meridional 
Parts answering to a given Latitude is required, it is found by 
taking the extent from the beginning of the line of Meridional Parts 
to the given Latitude; this extent bemg applied to the line of equal 
parts, will give, in degrees, the Meridional Parts required. Or, 
ii the Meridional difference of Latitude between two places be 
wanted, the extent from one Latitude to the other on the line of 
Meridional Parts will give, when applied to the line of equal parts, 
the Meridional Difference of Latitude in degrees, which are to be 
reduced to miles. 


_ 


DESCRIPTION AND USE OF GUNTER’S SCALES. $1 
OF THE SLIDING GUNTER. 


This Instrument is nearly of the same dimensions with the 
common Gunter, but consists of three pieces of wood; the extreme 
pieces being connected by thin plates of brass at each end, and the 
third made to slide in grooves between them. ‘The lines on this 
Scale are constructed and graduated as on the Plane Scale and com- 
mon Gunter; we shall therefore only remark here, that there are two 
lines of Numbers, Sines, and Tangents, one on the fixed part of the 
Scale, and the other on the slide; and that there is likewise a third 
line of Numbers on the Slide opposite a line of Sine Rhumbs. 


USE OF THE LINE OF NUMBERS. 


To perform Multiplication by these lines, set 1 on the sliding 
line to one of the factors on the fixed line, then opposite the other 
factor on the slide will be found the product on the fixed line. 
Example—To find the product of 16 multiplied by 5, draw out the 
slide until 1, on its line of Numbers, coincides with 5 on the 
fixed line, then opposite 16 on the sliding line, will be 80 on the 
fixed line. 

Division is performed by drawing out the slide until the divisor 
on its line coincides with the dividend on the fixed line; then op- 
posite to 1 on the sliding line will be the quotient on the fixed line, 
Iexample—to divide 124 by 4, set 4 on the sliding line to coincide 
with 124 on the fixed line; then opposite to 1 on the slide, will be 31, 
on the fixed line, which is the quotient required, 

To work the Rule of Three, let the question be stated so that the 
first and third terms may be of the same name, then the fourth 
term will consequently be of the same name with the second, and 
greater or less than the second, as the third is greater or less than the 
first. Now, set the first term on the sliding line opposite to the 
third term on the fixed line, and the fourth term wili be found on 
the fixed line opposite to the third term on the sliding line. 
Examples--If 3 yards of Cloth cost 2! Shillmgs, what will “be the 
value of 27 yards? ‘Now, as 3 yards : 21 Shs. :: 27 yds. : the 
Answer: therefore set 3 on the sliding line of numbers to 27 on the 
fixed line, then opposite to 21 on the sliding line will be found 189 
on the fixed line, the fourth term or number of shillings requir- 
ed; equal to 9 Pounds 9 Shillings. Again; suppose a Ship sails 
170 Miles in 24 Hours, at what Rate is that per Hour? As 
.24 Hrs.: 170 Miles :: 1 Hour: the Answer. Set 24 on the Slid- 
ing line of Numbers to 1 on the fixed line; then opposite to 170 on 
the sliding line is 74, on the fixed line, the Miles and parts that the 
Ship sails per Hour. 

The Use of the Lines of Sines and Tangents on this Rule will be 
fully explained when we treat on Trigonometry, and the vanous 
Sailings, 
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DESCRIPTION AND USE 


OF THE 


SECTOR. 


Tus Instrument is formed of two equal rules or legs, moveable 
about a center or joint, on the faces of which are drawn several lines 
or Scales, some proceeding from the center, called secroRAL LINES, 
and others parallel to the edge of the rules, similar to those laid down 
upon a common Gunter. 

The Sectoral Lines are drawn twice on the same face of the in 
strument, that is, once on each leg; those on one face are, 1. Two 
Scales of equal parts marked Lin. or L.; each of these scales, from 
the great extensiveness of its use, is called the Line or Lings.— 
2, Two Lines of Chords, marked Cxo. ‘or C. 3. Two Lines of 
Secants, marked Sec. or S. 4. Two Lines of Polygons, marked 
Pox. Upon the other face the sectoral lines are, 1. ‘Two Lines, of 
Sines, marked Sty. or S. 2. Two Lines of Tangent marked Tan. or 
T. 3. Between the lines of Tangents and Sines, two other lines of 
Tangents, marked ¢, to a less radius, to supply the defect of the 
former, and extending from 45 to about 75 degrees. 

The lines of Chords, Sines, Tangents, and Secants, are con- 
structed upon the same principle as those on the Plane Scale, 
making the leneth of the line of Chords the. Radius of the Circle, 
yee Gomer To Ay ete 

Each pair of the Sectoral Lines (except the line of Polygons) are 
numbered from the center, and so disposed as to make equal 
Angles at the center, consequently at whatever distance the Sector 
be opened, the Angles will always be respectively equal; that is, 
the distance between 10 and 10 on the line of lines, will be equal to 
60 and 60 on the lines of Chords, SO and 96 on the lines of Sines, and 
45 and 45 on the lines of Tangents. 

The other lines on the Sector being for the most part such as are 
usuaily drawn upon the Gunter’s Scale, which have already been 
described, it will be unnecessary here to enumerate them; we shall 
therefure only ebserve that the locarithmic lines, being placed part- 
ly on one leg and partly on the other, are to be used with the legs 
ully opened. 

The Use of the Sectoral lines is founded on a property of similar 
Triangles, namely, that their corresponding sides are proportional. 
Let ce, ca, (Fig. 5, Plate L) represent a pair of Sectoral Lines, 
‘forming the Angle acz; divide them each into any number of equal 
parts, as ten for instance, and draw lines to the corresponding 
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numbers on each line, as from 2 to2, 4to4, &c. These lines wil! 
form a series of Triangles, as c%2, c 44, &c. all similar to the 
Triangle cas, therefore it will be, as c2 is toca, sois 22 to 10 10, 
or aB; and asc 2is to 2 2,s0 is ca to as, and so on for the other 
corresponding lines. 

Hence also if the lines ca, cz represent the lines of Chords, 
Sines, Tangents, or Secants; and if ca be the radius, and the line 
¢ 2the Chord, Sine, Tangent, or Secant, of any preposed number 
of degrees, then the line 2 2 will be the Chord, Sine, &c. of the same 
number of degrees to the radius as. 

We shall now proceed to explain some of the most important uses 
to which the Sectoral lines may be applied; previous to which it 
will be necessary tu observe, that in all operations the distances are 
to be taken with a pair of Compasses from the innermost of the three 
lines which bound the divisions, that being the line proceeding from 
the center; it is likewise to be understood, that the measure taken 
from the center to any part ofa sectoral line, is called a /ateral dis- 
tance, and that the measure taken from any point in one line to its 
corresponding point ina line of the same name, is called a trans 
verse, or parallel distance. 


U8E OF THE LINES OF LINES. 


1. To divide a given line into any number of equal parts: for 
example suppose-9. Take the length of the given line in the 
Compasses, and make it a transverse distance from 9 to 9, the 
number of parts proposed; then will the transverse distance of 1 and 
1 be one of the equal parts, or the 9th part of the whole; and the 
transverse distance of 2 and 2 will be 2 of the equal paris, or 2 ef the 
whole line, and so on, 

Note—W hen the line to be divided is too long to be applied to the 
legs of the Sector, take some aliquot part of it, as the half, the 
third, &c. and double or triple the lengths of the transverse distances 
taken from the Sector. 

2 To divide a given line into any number of parts that shall be in 
any assigned proportion; as, suppose three parts, in the proportion 
of 2,3, and 4. Make the given line a transverse distance to 9, the 
sum of the proposed numbers 2, 3,4; then the transverse distances 
of these numbers severally will be the parts required. 

3. To find a fourth proportional to three given lines or numbers; 
as, suppose to 8, 4, and6. Take the lateral distance of 4 in the 
Compasses, and make it the transverse distance of 8, then thi 
transverse distance of 6, extended from the center, will reach to the 
fourth proportional 3. Ifa Ship sails 36 miles in 4 hours, what 
distance will she sail in 7 hours? Open the Sector till the transverse 
distance of 4 and 4 is equal to the lateral distance 36, then the trans- 
verse distance of 7 laid off from the center will give 63, the fourth _ 
proportional. , 

F | 
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Suppose three lines as, cp, and Er, given to find a fourth pro- 
portional, Take the length of the line aB in the Compasses, and 
placing one foot in the center, mark what point or division the other 
foot falls om; open the Sector till the parallel distance between that. 
point and the corresponding ome on the other leg is equal to the 
line cp; then ur taken in the Compasses and laid off as a lateral 
distance, the corresponding transverse distance will be the length of 
the line required. | 

Let it be required to reduce a Chart drawn on a scale of 5 inches 
to a degree, to 2 scale of 3 inches to a degree. Make the transverse 
distance from 5 to 5 equal to the lateral distance of 3; the legs of 
the Sector being kept at this angular position, any measure taken. 
from the Chart being laid off as a lateral distance, the corresponding 
transverse distance wiil be the measure to be laid down upon the 
reduced Chart. 

_ 4, Having a line contarning any given number of equal parts, to find 
the length of a line eontaining any other number of the same parts. 

_ Suppose a Chart to be drawn on a scale of 5 miles to 3 inches; 
required the length of any other number of miles upon the same 
scale. Make the transverse distance of 5 and 5 equal to 3 inches; 
the legs of the Sector being kept at this angular position, the 
transverse distance of any other number, within the limits of the 
Sector, will. be the length of the number of miles required. 

5, Having the number of paris contained in any given line, to find 
the number of the same parts contained in another line. 

Suppose the length of one side of a Triangle measure 30, what are 
the measures of the other Sides? ‘Take the length of the given Side 
in the Compasses, and apply it transversely from 30 to 30; to this 
opening of the Sector apply the length of the other Sides transversely, 
so that the points may fall upon Corresponding divisions, and these 
will shew the measure of the Sides required, 


USE OF THE LINES OF CHORDS. 


1. To protract or lay down an Angle of any given number of 
degrees. Atany opening of the Sector take the transverse distance 
of 60°, with which extent describe an Arch; then take the transverse 
distance of the proposed number of degrees, and apply it to that Arch: 
through the extremities of this distance on the Arch, draw two lines 
from the center, and they will form the Angle required. When the 
Angle exceeds 60°, lay it off at twice or thrice. 

In this manner any number of degrees may be laid off on the cir- 
cumference of a given Circle, making the transverse distance of 60° 
equal to the Radius of the Circle. 

2. To measure any given Angle. With any Radius describe an 
Arch from the angular point, end set that radius transversely from 
60 to 60; then take the length of the intercepted Arch in the 
Compasses, and apply it transversely to the line of Chords, so that 
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che points of the Compasses may fall upon corresponding divisions, 
and they will ehew the measure of the given Angle 


USE OF THE LINES OF SINES, ae SEP AND SECANTS. 


1. Having the length of the Radius of a Circle, to find the length 
of the Chord, Sine, or Tangent of any Arch of " that Cirele, Sup- 
pose the Chord, Sine, or ‘Tangent of 30 degrees toa radius of 2 inches 
be reguired: open the Sector till the transverse distance of 60 and 
60 on the lines of Chords is equal to 2 inches; then will the same 
extent reach from 45 to 45 on the lines of Tangents, and from 90 to 
90 cn the lines of Sines, so that to whatever radius the lines of 
Chords are set, to the same are ail the others set. In this angular 
position of the legs, therefore, if the transverse distance between 30 
and 30 be taken on the lines of Chords, Sines, or Tangents, with 
the Compasses, it will give the length of the C hord, Sine, or ‘Tangent 
of 30 degrees, to the radius of 2 inches. When the required Chord is 
above 60°, or the Tangent above 45°, as suppose 70 degrees, proceed 
thus: for the Chord take the transverse distance of half the Arch, 
viz. 35 degrees, on the line of Sines, the double of which gives the 
length of the Chord of 70 degrees. .To fina the Tangent of 70 de- 
grees to the same radius, make the transverse distance from 45 to 45, 
on the upper lines of Tangents, equal to 2 inches; then the extent 
between 70 and 70 on the same lines will be the length of the Tan- 
gent required. 

2. Having the radius of a Circle to find the Secant of any Arch 
of that Circle: as again, suppose of 20 or 70 degrees, to a radius 
of 2 inches; make 2 inches the transverse distance between O and 
O on the lines of Secants; then will the transverse distance of 20 and 
20, or 70 and 70, give the Secant of 20 or 70 degrees. 

3. The Radius of a Circle, tnd any line representing a Sine, 
Tungent, or Secant of an Arch of that Circle being given, to find the 
degrees and parts corresponding to that line. Open the Sector to the 
given Radius, according as a Sine, ‘Tangent, or Secant is concerned, 
then, taking the given line in the Compasses, apply the legs trans- 
versely till they fall on the corresponding divisions of the proper line, 
and these will point out the degrees and parts required. 

In this manner the Angles of a right-angled Triangle may be esti- 
mated, by considering one Side as the radius of a Circle, and one 
of the other Sides as representing the Sine, Tangent, or Secant of the 
require. Angle. 

‘The Sectoral lines are likewise useful in working proportions in 
Trigonometry: Suppose, for example, the Hypothenuse of a 
Triangle measures 56, and the Angle opposite the perpendicular 
32 degrees; to find the perpendicular tne proportion will be, as 
Radius, or Sine of 90°, is to the Hypothenuse 56, so ‘s Sine of the 

F 2 


36 PLANE TRIGOMOMErRY. 


Angle opposite the Perpendicu.ar 32°, to the Perpendicular; 
therefore make the transverse distance of 90 and 90 on the lines of 
Sines equal to the lateral distance 56 on the lines of Lines; then the 
transverse distance of 32° on the line of Sines, applied as a lateral 
distance to the lines of Lines, will give 29.5 for the length of the per- 
pendicular required. 


PLANE TRIGONOMETRY. 


PLANE TRIGONOMETRY 1s that branch of Geometry which 
teaches to compute the Sides and Angles of plane Triangles; it is 
divided into Right-Angled and Oblique-Angled Trigonometry ac- 
cording as it is applied to the mensuration of Right or Oblique-Angled 
_ Triangles. 


RIGHT-ANGLED TRIGONOMETRY. 


DEFINITIONS AND PRINCIPLES. 


1. Every Triangle consists of six parts; namely, three Sides and 
three Angles. 


2. The Sum of the three Angles of every plane Triangle is equal 
to two right Angles, or 180 degrees; hence, if one of the Angles 
be known, the sum of the other two may be found by subtracting the 
given angle from 180 degrees: also, if two of the Angles be known, 
their sum, subtracted from 180 degrees, will give the third Angle: 
again, in a Right-Angled Triangle (the Right Angle containing 90 
degrees), the sum of the two Acute Angles is equal to 90 degrees; 
therefore, if one of the Acute Angles be given, the other will be found 
by subtracting the given Angle from 90 degrees. 


3. Any two Sides of a Triangle added together are greater than 
the third Side. 


4, The greatest Side of a Triangle is opposite the greatest Angle, 
and the least Side opposite the least Angle; also, in the same Triangle, 
equal Sides are opposite to equal Angles. 
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5. Two Tnangles are said to be similar when all 
the Angles of the one are respectively equal to all the 
Angles of the other; as for instance, the Triangle 5 4 
ABC iS Similar to the Triangle preF because the 


Angles a, wn, andc, are respectively equal to the A“—gZ——B 
Angles. », 5, and F. 


6. The Sides of similar Triangles, opposite 
to equal Angles, are proportional; thus in the 
Triangles anc, and pEF, a8 AB is to DE, 80 i8 
ac to pF, and soiscs to er. Oras4: 8:: 
5: p108 4582: 6. 


7. Similar arches of unequal: Circles are such as contain the same 
number of degrees, &c. of their respective Circles. 


8. The Sines, Tangents, and Secants of 
similar Arches are proportional to the radii 
of the Circles; thus, supposing the Arch ps, 
of the Circle paar to be similar to the Arch 
LN, of the Circle tNnor, then px is to Lm, 
AB to HN, and cA to KH, aS CB Or CD, is to 
KN Or KL; that is, the Sine, Tangent, and 
Secant of one Arch is to the Sine, Tangent, 
and Secant of the other, as the radius of one 
Circle is to the radius of the other. 

Hence, if the radius of a Circle be di- 
vided into a certain number of equal 
parts, and the length of the Sine, Tangent, 
or Secant of any Angle in such parts be 
given, the length of the Sine, Tanyent, or 
Secant of the same Angle to any other ra- 
dius may be found. 


9. The lengths of the Sine, Tangent, and Secant for every degree 
and minute of the Quadrant, whose radius is 1, being calculated and 
zrranged in a Table is called a TrigoNoMETRIcaL Canon: and 
ine logarithms, of these lengths are called logarithmic or arti- 
ead Sines, Tangents, and Secants; as in Table XXV. of this 

ork, 


From these principles are deduced the following 
RULES 
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RULES 


Fer computing the Sides and Angles of Right-Angled Triangles, 


In every Right-Angled Triangle there must be two parts given, 
besides the right Angle, to find the other three; and one of these 
parts at least must be a Side, because the Angles will only give the 
proportion not the absolute length of the Sides. _ ; 

In every Right-Angled Triangle one of the Sides must be consi- 
dered as representing the radius of a Circle; then, 

1, If the Hypothenuse be made radius, the Perpendicular and Base 
will each be the Sine of its opposite Angle. 

2. If the Base be made radius, the Perpendicular will be the Tan- 
gent of its opposite Angle, and the Hypothenuse the Secant of the 
same Angle. 

3. If the Perpendicular be made radius, the Base will be the 
Tangent of its opposite Angle, and the Hypothenuse the Secant of 
the same Angle. ‘The Sine, Tangent, or Secant of one Angle 
being, in each case, the Co, Sine, Co. Tangent, or Co, Secant of the 
other. 


a 


i ee ee en 


. Tangent. 
radius. 


- Radius. B A. Tangent. 3B 


Thus, if in the riangles. anc the Hypothenuse ac be considered 
as radius of a Circle, then it is evident the Perpendicular pe will be 
the Sine of the Angle a, and the Base ar the Sine of the Angle c; 
if the Base aw be made radius, then the Perpendicular sc will be the 
Tangent of the Angle a, and the Hypothenuse ac the Secant of 
Angle a; if the Perpendicular nc be made radius, then the Base as 
will be the Tangent of the Angle c, ana the Hypothenuse the Secant 
of Angle c. ; 

Since the Acute Angles a and c contain together 90 degrees, they 
are the complements of each other; therefore the Sine, Tangent, 
and Secant of Angle a is the Co. Sine, Co. Tangent, and Co. Secant 
of Angle c; and the Sine, &c. of Angle c is the Co. Sine, &c. of 
Angle a. (See Definition X XXIV. Geom} 


PLANE TRIGONOMETRY. 39 


To find a Side. 


Consider any one of the Sides as representing the radius of a 
Circle, and write upon it the word radius; then, upon the other 
Sides write the parts they represent according to the preceding 


rules, which call the zames of the Sides; then say, 


As the name of the given Side 

Is to the given Side, 

So is the name of the Side required 
To the Side required, 


To find an Angle. 


Consider one of the given Sides as representing the radius of a 
Circle, and write upon it the word radius; and upon the other Sides 
write the parts they represent according to the preceding rules; 
then say, 


As the Side representing Radius 
Is to Radius, 
| So is the other given Side 
To the Sine, Tangent, or Secant of the Angle by it represented. 


Having raised the Canons, or Proportions, they may be worked by 
the common Rule of Three, taking the lengths of the Sines,- Tan- 
gents, or Secants, of the Angies, to Radius 1, from the proper Table; 
but as Logarithms considerably abbreviate the calculation by per- 
_ forming Multiplication by Addition, and Division by Subtraction, 
it is more usual to take out the logarithms of the three given 
terms; (the Logarithm of Radius beimg 10.00000,) then, adding the 
Logarithms of the second and third terms together, and from their 
sum subtracting the Logarithm of the first.term, the remainder will 
be the Logarithm of the fourth term, which being found in the 
proper ‘Table, the number, or the degrees and minutes correspond- 
ing to it, will give the required Side or Angle. 


Nore. The Logarithms for Sides. are to be taken from Table 


XXIV., and for the Sines, Tangenis, or Secants of Angies, from 
Table XXV. 


We shall now proceed to exemplify the above Rules by the 
following Cases, which we shal! resolve by four different methods: 
viz. By Geometrical Construction; by Logarithmic Calculation, and 
by the Common and Sliding Gunters. 
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CASE IL. 


The Angles and the Hypothenuse giren to find the Base and the 
Perpendicular. 


Exampxe. Guven the Hypothenuse ac, 370 miles, (or any other 
measure of length,) the Angle a 56°30’, and consequently the Angle 
c 33° 30’; required the Base az and Perpendicular zc. 


BY CONSTRUCTION. 


Draw the line an, of any length and 
make the Angle at a, 56° 30’ (Prob. XIT. 
Geometry;) from a to c lay off 370, the Angle a 
length of the Hypothenuse, taken from 
any convenient Scale of equal parts, and Angle c 
from the point c let fall the perpendicular 
cs, (Prob. III. Geom.;) then asc is the 
Triangle required: the Base as, measured 
_on the same scale of equal parts by which 
the Hypothenuse was measured, will be 
204.2, and the Perpendicular pc 308.5. 


BY CALCULATION. 


Making the Hypothenuse Radius, as will be the Sine of Angle c, 
and cp the Sine of Angle a; then 


-To find the Base AB. 
As Radius ° 10.00000 
Is to Hypoth. ac 370 2.56820 
So is Sine Ang. c 33° 30° 9.74189 
12.31009 
10.00000 


—— 


To the Base AB 204.2 2.31009 


To find the Perpendicular Bc. 
As Radius 10.00000 
Is to Hypoth. ac 370 2.56820 
So is Sine Ang. A 56° 30’ 9.92111 


12.48931 
10.00000 


To the Perpend. Bc 308.5 2.48931 


Making the Base Radius, sc will be the Tangent, and ac the 
Secant of Angle a; then, 


To find the Base. 
As Sec. of Ang. A 56° 30' 10.25811 


Is to Hypoth. ac 370 2.56820 
So is Radius 10.00000 
12.56820 
10.25811 
To the Base AB 204.2 2.31009 


To find the Perpendicular 


As Sec. of Ang. A. 56° 30’ 10.25811 
Is to Hypoth. ac 370 2.56820 
So is Tan.of Ang.A 56° 30’ 10.17922 
12.74742 
10.25811 


To the Perpend. 8c 308.5 2.48931 


oo 
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Making the Perpendicular Radius, ap will be Tangent, and ac 
Secant, of Angle c; then, 


To find the Base. . To find the Perpendicular. 
As Sec. of Ang. c 33° 30° 10.07889 As Sec. of Ang. c 33° 30’ =19.07889 
Is to Hypoeth. ac 370 2.56820 Is to Hypoth. ac 370 2.56820 
So is Tan. Ang. c 33° 30’ 9.82078 So is Radius : 10.00000 
' 12.88898 12.56820 
10.07889 10.07889 


ee re een oe ee 


To the Base AB 204.2 2.31009 To the Perpend. pc 308.5 2.48931 


BY THE COMMON GUNTER*. 


Ist. Extend the Compasses from Radiust, or 90°, to. Angle c 
33° 30’ on the line of Sines, and that extent will reach from the 
Hypothenuse 370 to 204.2, the measure of the Base, on the iine of 
Numbers. 

Qdly. Extend the Compass:s from Radius, or 90°, to Angle a 
56° 36’ on the line of Sines, and that extent will reach from the 
Hypothenuse 370 to 3u8.5, the measure of the Perpendicular, on the 
line of Numbers, 


BY THE SLIDING GUNTER. 


Ist. Set radius, or 90°, on the sliding line of Sines, to Angle c 
33° 30’ on the fixed line of Sines; then, opposite to the Hypothenuse 
_ 870 on the sliding line of Numbers, will be the Base 204.2 on the fixed 
line of Numbers. 

2diy. Set 90° on the sliding line of Sines, to Angle a 56° 30'-on 
the fixed line of Sines: then, opposite to the Hypothenuse 370 on 
the sliding line of Numbers, will be the Perpendicular 308.5 on the 
fixed line of Numbers. — 


eee a 
GASE. IL. 


The Angles and one of the Legs given, to find the Hypothenuse and 
the other Leg. 


ExaMPpue. Given the Base ap 625, and the Angle a 48° 45’, to 
find the Hypothenuse ac, and the Perpendicular Bc. 


_* In working the several Cases by Gunter’s Scales, we shall always suppose the 
Hypothenuse Radius, where it can be done, being the most simple of the three. 

+ Radius, on Gunter’s Sale, is either 8 points on the line of Sine Rhumbs, 4 points on 
the line of Tangent Rhumbs, 90 degrees on the line of Sines, or 45 degrees on the line 
of Tangents. 

G 
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BY CONSTRUCTION. 


Draw the Base az, which make equal 90° 00! 
to 625, taken from a scale of equal Ang. A 48 40 
parts; and upon 8 erect the Perpendicu- oS: 
ja pe, (Prob. If. or XL. Geom.;) make Ang. C 41 15 
the Angie a equal to 48° 45’, (Prob, XII. 
Geom.,) and draw the Hypothenuse ac 
to cut the Perpendicular pce in the point 
c; then ac, measured on the same scale 
of equal parts that an was, will be 947.9, 
vis eer tay py Are 


| BY CALCULATION. 
Making the Hypothenuse Radius, as will be the Sine of Angle c, 
and cr the Sine of Angle a; then, 
To find the Hypothenuse. To find the Perpendicular. 


As Sine of Ang.‘c 41°15’ 9.81911 As Sine of Ang. c 41° 15’ 9.81911 
Is to the Base AB 625 2.979588 Is to the Base AB 625 2.979588 


So is Radius - 10.00006 So is Sine of Ang. A 48° 45’ 9.87612 
12.79588 12.67200 
9.81911 9.81911. 


ee ee 


To the Hypoth. Ac 947.9 2.97677 To the Perpend. Bc 712.7 2.85289 


Making the Base Radius, sc will be the Tangent, and ac the 
Secant, of Angle a; then, 


To find the Hypothenuse. 5 To find the Perpendicular. 
As Radius : 10.06000 As Radius _ ‘ 10.60000 
Is to the Base AB 625 = 2.79588 Is to the Base AB 625 2.79588 
So is Sec of Ang. A 48° 45’ 10.18089 So is Tan.of Ang. A 48° 45’ 10.05704 
12.97677 —-12,.85289 
10.00000 10.00600 


To the Hypoth. ac 947.9 2.97677 To the Perpend. Bc 712.7 2-85289 


Making the Perpendicular Radius, ap will be Tangent, and ac 
Secant, of Angle c; then, 


To find the Hypothenuse. To find the Perpendicular. 
As Tang. of Ang. c 419 15’ 9 94299 As Tang of Ang.c 41°15’ 9.94299 
Is to the Base AB 625 2.79588 Is to the Base AB 625 2.79588 
So is Sec. of Ang. c 41° 15’ 10.12387 So is Radius ° 10.06090 
12.9 '187a 12.78538 
9.94299 9.94209 


To the Hypoth. ac 947.9 2.97676 To the Perpend. Bc 712.7 2.85289 
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BY THE COMMON GUNTER. 


Ist. Extend the Compasses from Angle c 41° 15’ to Radtus, or 
90°, on the line of Sines, and that extent will reach from the Base 
625 to the Hypothenuse 947.9 on the line of Numbers. 

2dly. Extend the Compasses from Angle c 41° 15’ to Angle a 
48° 45’ on the line of Sines, and that extent will reach from the Base 
625 to the Perpendicular 712.7 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Ist. Set Angle c 41° 15’ on the sliding line of Sines, to Radius, or 
95)° on the fixed line of Sines; then, opposite to the Base 625 en the 
sliding line of Numbers, will be the Hypothenuse 947.9 on the fixed 
line of Numbers. | 

diy. Set Angle c 41° 15’ on the sliding line of Sines, to Angle a 
48° 45’ on the fixed line of Sines; then, opposite to the Base*625 on 
the sliding line of Numbers, will be the Perpendicular 712.7 on the 
fixed line of Numbers. 


fa 


CASE IIf. 


~The Hypothenuse and one Leg given to find the Angles and the 
- other Leg. 


'Exampusr. Given the Hypothenuse ac 400 and the Base Ba 236; 
required the Angles a and c, and the Perpendicular sc, 


BY CONSTRUCTION. 


Draw the Base pa, which make equal to 
236; upon ps erect the Perpendicular sc, 
(Prov, II. or XII. Geom.) and taking the 
distance 400 in the Compasses, place one 
foot in a, and fet the other foot cross Bc 
inc, and draw the line ac; then will the 
Perpendicular pc measure 323, the Angle 
c 36° 9! and the Angle a 53° 51’. (Prob. 
a1il. Geom.) 


B 936 A 


G 2 
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BY CALCULATION. 


Making the Hypothenuse Radius, pa will be the Sine of Angle c, 


and gc the Sine of Angle a; 


To find the Angles. 


As the Hypoth. ac 400 2.60206 
Is to Radius 10.00000 
So is the Base BA 236 2.37291 
12.37291 

2.60206 

To Sime of Ang. c 36° 98 9.77085 


$0 0 


SSD ee 


Angle A 53 51 


then, 
To find the Perpendicular. 
As Radius 10.00000 


Is to the Hypoth. ac 400 2.60206 
Sois Sine Ang. A 53° 51’ 9.90713 


— 


12.50919 | 
10.00000 


To the Perpend. Bc 323 2.50919 


Making the Base Radius, ne will be the Tangent, and ac the Secant, 
of Angle a; then, 


To find the Angles. 


As the Base BA 236 2.37291 
Is to Radius 10.00000 
So is the Hypoth. 400 2.60206 
12.60206 
2.37291 
To Sec. of Ang. A 53° 51’ - 10.22945 
$0 00 
' Angle c 36 9 


To find the Perpendicular. 


As Radius 10.00000 
Is to the Base BA 236 2.37291 
Sois Tan. Ang. A 58° 5L' 10.136385 
12.50926 
10.00000 


To the Perpend. Bc 323 2.50926 


BY THE COMMON GUNTER. 


ist. Extend from the Hypothenuse 400 to the Base 236 on the 
line of Numbers, and that extent will reach from radius 90° to 
Angle c 36° 9° on the line of Sines; hence the Angle a will be 


53° 51' 


2dly. Extend from Radius 90° to Angle a 53°51’ on the line of 
Sines, and that extent will reach from the Hypothenuse 400 to the 
Perpendicular 323 on the line of Numbers, 
BY THE SLIDING GUNTER. 


Ist. Set the Hypothenuse 400 on the sliding line of Numbers to 


the Base 236 on the fixed line of Numbers; 


then, opposite to radius 


or 90°, on the sliding line of Sines, will be Angle c 36°9' on the 
fixed line ot Sines; hence the Angle a will be 53° 51’, 
2cly. Set radius, or 90°, on the sliding line of Sines, to Angle a 


53° 51' on the 


fixed lines of Sines ; 


then, opposite to. the 
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Hypothenuse 400 on the sliding line of Numbers, will be the Per 
pendicular 323 on the fixed line of Numbers. 


Norse. The Perpendicular may be found independent of the 
Angles; thus: subtract the square of the Base from the square of the 
Hypothenuse, the square root of the remainder will be the length of 
the Perpendicular required. 


———=={__ 
CASE IV. 


The Base and Perpendicular given, to find the Angles and the 
Hypothenuse. 


Exampye. Given the Base pa 35.5, and tne Perpendicular xc 
41.6; required the Angles a and c, and the Hypothenuse ac. 


BY CONSTRUCTION, 


Cc 


Draw the line Ba, and upon B raise ‘"e 
Perpendicular wc, (Prob. II. or XII. 
Geom.) ; make Ba equal to 35.5 and Be 
equal to 41.6, and draw the line ac ; then 
he Hypothenuse ac will measure 54.7, 
the Angle a 49°31’, and the Angle c 40° 
29’, (Prob. XIII Geom.) 


OP 


B 


BY CALCULATION. 


Making the Base Radius, sc will be the Tangent, andac the Secant 


of Angle a. 
To find the Angles. To find the Hypothenuse. 
As the Base BA 35.0 1.55023 As’ Radius : 10.00000 
Is to Radius . 10.00000 Is to the Base BA $5.5 1.55023 
So is the Perpend. Bc 41.6 1.61909 So is Sec.of Ang. A 49°31’ 10.18760 
11.61969 11.73783 
1.55023 . 10.00000 


To Tan. of Ang. A 49°31’ 10.06886 To the Hypoth. Ac 54.68 1.73783 
90 00 


Ang. c, 40 29 
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Making the Perpendicular Radius, pa will be the Tangent, and ac 
the Secant, of Angle c. 


‘To find the Angles. 


As the Perpend, Bc 41.6. 1.61909 
Is to Radius 10.00000 
So is the Base BA 35.5 1.55023 
11.55023 

1.61909 


To Tang. of Ang. c 40° 29’ 9.93114 


To find the Hypothenuse. 


As Radius ‘ 10.00060 
Is to Perpend. Bc 41.6 1.61909 
So is Sec. of Ang, c 10° 29' 10.11885 
11.73794 
10.00000 


To the Hypoth. ac 54.69 1.73794 


90 00 


Angle A 49 3] 


BY THE COMMON GUNTER. 


Ist. Extend the Compasses from the Base 35.5 to the Perpendicular 
41.6 on the line of Numbers, and that extent will reach from Radius 
45° to Angle a 49° 31’ on the line of Tangents*: hence Angle c will 
be 40° 29. | 

Qdly. Extend the Compasses from Angle c 40° 29' to Radius 90° 
on the line of Sines, and that extent will reach from the Base 35.5 to 
the Hypothenuse 54.68 on the line of Numbers. 


BY THE-SLIDING GUNTER. 


Ist. Set the Base 35.5 on the sliding line of Numbers to the Per- 
pendicular 41.6 on the fixed line of Numbers; then, opposite to Ra- 
dius, or 45° on the sliding line of ‘Tangents, will be Angie a 49° 31’ 
on the fixed line of Tangents*; hence Angle c will be 40° 29’. 

2dly. Set Angle c 40° 20' on the sliding line of Sines, to Radius, 
or 90°, on the fixed line of Sines; then, opposite to the Base 35.5 on 
the sliding line of Numbers, will be the Hypothenuse 54.68 on the 
fixed line of Numbers. 

Nore. The Hypothenuse may be found, independent of the 
Angles; thus: add together the squares of the Perpendicular and 
Base; and the square root of the sum will be the Hypothenuse 
required, 3 


QUESTIONS FOR EXERCISE. 


1. Given the. Hypothenuse 108 and the Angle opposite the Per- 
pendicular 25° 36’; required the Base and Perpendicular. 
Ans". ‘The Base is 97.4, and the Perpendicular 46.66. 


* The same point represents both 49° 31 and 40° 2g’, but as the third term is more 
than the first, the Angle a, or fourth term, will consquently be more thai 45°, which is 
Radius, or the second term oun the line of Tangentse 
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2. Given the Base 96 and its opposite Angle 71° 45’; required the 
Perpendicular and the Hypothenuse. 

Ans’. ‘The Perpendicular is 31.66 and the Hypothenuse 101.1. 

3. Given the Perpendicular 360 and its opposite Angle 58° 20’; re- 
quired the Base and the Hypothenuse. 

Ans'. ‘I'he Base is 222 and the Hypothenuse 493. . 

4, Given the Base 720 and the Hypothenuse 980; required the 
Angles and the Perpendicular. : 
oe ae The Angles are 47°17’ and 42° 43’, and the Perpendicular 

4.8. . 

5. Given the Perpendicular 110.3 and the Hypothenuse 176.5; 
required the Angles and the Base. 

Ans'. The Angles are 38° 41’ and 51°19’, and the Base 137.8 

6. Given the Base 36) and the Perpendicular 480; required the 
Angles and the Hypothenuse. 
: Ans. The Angles are 53° 8’ and 36°52’, and the Hypothenuse 

O0. 


OBLIQUE ANGLED TRIGONOMETRY. 
RULES 


For computing the Sides and Angles of Oblique-Angled Triangles. 


I. When two of the three given parts are a Side, and its 
opposite Angle. 


To find a Side. 


As the Sine of any given Angle 

Is to its opposite Side, 
So is the Sine of any other given Angle 
To its opposite Side. 


To find an Angle. 


As any given Side 

Is to ti e Sine of its opposite Angle, 
So is aay other given Side 

To the Sine of its opposite Angle. 


When the given Side, opposite the given Angle, 1s greater than 
the other given Side, then the Angle opposite that other given Side 
is always acute; but when the given Side, opposite the given Angle, 
is less than the other given Side, then the Angle opposite that other 
given Side may be either acute or obtuse, which consequently must 
be determined from the nature of the Triangle. 
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II, When two Sides and the Angle contained between them are given. 


As the Sum of the two given Sides, 

Is to their difference, 

So is the Tangent of half the Sum of the unknown Angles, 

To the Tangent of half their difference: 

This half difference added to half the Sum of the unknown Angles, 
gives the greater Angle, and subtracted, leaves the less Angle. 
The Angles being thus all known, the remaining Side is to be found 
by Rule I. 


III, When the three Sides are given, to find the Angles. 


As the Base, or greatest Side, 

Is to the Sum of the other two Sides, 

So is the difference of those Sides, 

To the difference of the Segments made by a Perpen- 
dicular let fall from the greatest Angle upon the Base. 

Then half this difference added to half the sum of the Segments; 
that is, half the Base, gives the greater Segment, and subtracted gives” 
the less Segment. Hence the Triangle will be divided into two 
Right-Angled Triangles, in each of which there will be given the 
Hypothenuse and the Base to find the other Angles, which may be 
done by Rule Ist, or by those in Right-Angled Trigonometry. 


CASE I. 
The Angles and one Side given to find the other Sides. 
Exampie. Given the Angle a 36°15’, the Angle 8 105° 30’, ana 
the Side a8 53: required the Sides ac and rc. 
BY CONSTRUCTION. 


Ang. A 36° 15! 
Ang. B 105 20 


| 141 45 

Draw the line an and make. it 180 00 
equal to 53; make the Angle pac —— 
30° 15 and the Angle anc 105°30', Ang.c 3815 
(Prob. XII. Geom.,) and draw the 
lines ac and peo till they meet in 
c; then ac will measure 82.5, and 
BC 90.62. 


eer eertee, 
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BY CALCULATION. | 
To find the Side Ac by Rule f. To find the Side Bc by Rule 1. 


As Sine of Ang. ¢ 38°15’ 9.79176 As Sine of Ang. c 88°15’ = 9.79176 
Is to the Side AB 53 1.72428 Is to the Side AB 53 1.72428 
So is Si. of Ang. B* 105° 30’ 9.98391 So is Sine of Ang. A 36° 15! 9.77181 
11.70819 1! 49609 

9.79176 9.78176 

To the Side ac 82.5 1.91643 To the Side Bc 50.62 1.76433 


BY THE COMMON GUNTER. 


Ist. Extend the Compasses from the Angle c 38° 15’ to 74° 3 
the supplement of Angle sz, on the line of Sines, and that extent will 
reach from the Side ap 53 to the Side ac 82.5 on the line of 
Numbers, 

éd. Extend the Compasses from the Angle c 38° 15’ to the Angle 
a 36°15’ on the line of Sines, and that extent will reach from the 

Side an 53 to the Side nc 50.6 cn the line of Numbers. 


BY THE SLIDING GUNTER. 


ist. Set Angle c 38° 15’ on the sliding line of Sines to supplement 
of Angle s 74° 30’ on the fixed line of Sines; then, opposite to the 
Siae ap 53 on the sliding line of Numbers will be the Side ac 82.5 
on the fixed line of Numbers. 

2d Set Angle c 38° 15’ on the sliding line of Sines, to Angle a 
36° 15’ on the fixed line of Sines; then, opposite to the Side apn 53 
on the sliding line of Numbers will be the Side Bc 50.6 on the fixed 
line of Numbers. 


ELE om 
CASE II. 


Two Sides and an Angle opposzte one of them gwen, to find the other 
Angles and the third Side. 


Exampie. Given the Side as 336, the Side sc 355, and the 
Angle a 49° 26’; required the Angles n and c, and the Side ac. 


® For the inner of finding the Log. Sine or 105° 3o’ see explanation of Table XXV. 


H 


Se. 
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BY CONSTRUCTION. 


336; draw the line ac so as to make an 


Draw the line an, which make equal to A 
' 


Angle of 49° 26° with as 


the Angle c 45° 38’, 
and the ‘Side Ac 465.3. 


(Prob. - XII. 
Geom.;) take the length of spc in the Com- 
passes, and, setting one foot in p; let the 
ether cut the line ac inc, and draw the line 


Bc; then the Angle p will measure 84° 36, 
(Prob. XII. Geom. ,) 


A 336 B 


BY CALCULATION. 


To find the Angle c by Rule I. 
As the Side Bc 855 2.55023 
Is to Sine of Ang. A 49° 26° 9.88061 


To find the Side ac by Rule I. 
As Sine of Ang. A 49°26’ 9.88061 
Is to the Side Bc 355 2.55023 


So is the Side AB 336 2.52634 So is Sine of Ang. B 84° 36’ 9.99807 
12.406695 12.54830 

2.55023 9.88061 

To Sine of Ang. c 45° 58’ 9.85672 To the Side Ac 465.3 2.66769 


Ang. A 49 26 


eS 


Sum 95 24 
180 00 


ees 


Angle B 84 36 
BY THE COMMON GUNTER. 


1st. Extend the Compasses from the Side gc 355 tothe Side an 
336 on the line of Numbers, and that extent will reach from Angle 
a 49° 26’to Angle c 45° 58’ on the line of Sines; hence the Angle 
B is 84° 36... 

2d. Extend the Compasses from the Angle a 49° 26’ to the Angle 
B 84° 36 on the line of Sines; and that extent will reach from the 
Side Bc 355 to the Side ac 405.3 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Ist. Set the Side ec 355 on the sliding line of Numbers to the 
Side an 336 on the fixed line of Numbers; then, opposite to Angle 
A 49° 26° on the sliding line of Sines will be Angle c 45° 58’ on the 
fixed line of Sines ; hence the Angie B is 84° 38’. 

2d. Set Angle a 49° 26' on the sliding line of Sines to Angle B 
84° 36’ on the fixed line of Sines; then, ‘opposite the Side nc 355 on 
the sliding hue of Numbers will be the Side ac 465.3 off the fixed 
line of Numbers. 
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CASE III. 


Two Sides and their contained Angle given, to find the other Angles 
and the third Side. 


Examp ue. Given the Side ax 85, the Side ac 47, and the Angle 
A 52° 40’: required the Angles c and pz, and the Side ec. 


BY CONSTRUCTION. 


Draw the line as and make it 
equal to 85; at a make the Angle 
pac 52° 40’ (Prob. XII. Geom. ;) 
fom a toc lay off 47, and draw 
the line sc; then arc is the 
Triangle required; the Angle p will 
measure 33° 29’, the Angle c 93° 51’ 
(Prob. XIII. Geom.,) and the Side 
BC 07.7. 


BY CALCULATION. 
To find the Angles by Rule Hi. 


Side AB 85 ‘ As the Sum of the Sides as, Ac, 182 2.12057 

Side Ac 47 Is to their difference ; 38 1.57978 
—_—— So is Tang. of half the’ ayo ay eile 

Sum . 132 Sum of Angles B and c § Lot da! tscdnharinen 

Diff. . 38 11.88521- 

2.12957 

180° 00° iad ctnckneee 


AngleA . 52 40 To Tang. of half their diff. 30° 1’ 9.76464 


ee ene 


SumofAng.s &c127 20 Sum gives the greatr Ang. c 93 51 


eee 


Half Sum 63 40 Diff. gives theless Ang. sp 33 29 


To find the Side Be by Rule I. 


As Sine of Angle B 33° 29’ 9.74170 
Is to the Side Ac - 47 1.67210 
So is Sine of Angle A 52°40’ 9.90043 
11.57253 

9.74170 


To the Side Bc 67.74 1.85083 


Notes. This Triangle may be solved by letting fall a Perpendicu- 
lar from the Angle c on the Side as, which will divide it into two 
Right-Angled ‘Triangles; then with the Hypothenuse ac and 
Angle a find the Perpendicular and ihe Base, which Base subtracted 
from the Side an, will leave the Base of the other Triangle; then, 

H 2 
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with the Perpendicular and Base find the Angle n, which added te 
Angle a and their Sum subtracted from 180°, will give the Angle c, 
and, with one of the Angles and its opposite Side find the Side sc. 


BY THE COMMON GUNTER. 


ist. Extend the Compasses from the sum of the two Sides 132 to 
their difference 38; that extent will reach from 45° to a division* 
(16° 4’) on the line of T'angents; then, the extent from this division 
to half the Sum of the unknown Angles 68° 40’ will reach from 45° 
to half their difference 30° 11' on the line of Tangents, by which the 
Angles may be found as above. 

2d. Extend from Angle p 33° 29’ to Angle a 52° 40’ on the line of 
Sines, that extent will reach from the Side ac 47 to the Side se 67.7 
on the line of Numbers. 


BY THE SLIDING GUNTER. 


Ist. Set the Sum of the two Sides 132 on the sliding line of Num- 
bers to their difference 38 on the fixed line of Numbers; then, op- 
posite to 45°, on the sliding line of Tangents, will be a division* 
(16° 4’) on the fixed line of Tangents; then set half the Sum of the 
unknewn Angles 63° 40 on the sliding line of Tangents to this 
division (16° 4’) on the fixed line of Tangents: and opposite to 45° 
on the sliding line of Tangents, wil! be half their difference 30° 11, 
on the fixed line of Tangents, by which the Angles are to be found as 
above. 

2d. Set Angle p 33°29’ on the sliding line of Sines, to Angle a 
52° 40' on the fixed line of Sines; then, opposite to the Side ac 47 
on the sliding line of Numbers, will be the Side sc 67.7 on the fixed 
line of Numbers. 


CASE IV. 


The three Sides given to find the Angles. 


Examv ie. Given the Side as 157, the Side pc 110, and the Side 
ac 88, to find the Angles a, B, and c. 


« * The necessity of noting this division arises from the line of Tangents being read off 
from right to left above 45° instead of being reckoned on towards the right ; hence, in 
_ this case the point of the Compasses falling without tue Rule, the distance between this 
division and 63° 40’ gives the extent above 45°, which being applied to 45° baekwards, 
falls upon “he same division it would if the line were continned to the right: for the 
Sane reason it is necessary to note the division oa the sliding Guater 


“Ye 
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53 


BY CONSTRUCTION. 


Draw tne line an, which make 
equal to 157; take the length of 
ac 88 inthe Compasses, and with 
one foot on a describe the Arch 
c; then, with the length of cp 
110 in the Compasses, and one 
foot in as, describe an Arch cut- 
ting the former inc, to which 
‘draw the lines ac and go; 


A D 157 B 


then asc is the Triangle required; the 


Angle a will measure 42° 44’, the Angle g oe 53’, and the Angle 


c 104° 23’,(Prob. XIII. Geom.) 


BY CALCULATION. 
To find the Segments AD, DB, by Rule III. 


Side Ac 88 As the Base or greatest Side AB, 157 2.19590 
Side Bc 110 Is to the Sum of the Sides Ac, Bc, 198 2.29666 
; —_— So is the diff. of the Sides ac, Bc, 22 1.34242 
Sum . 198 Seeeeiatiaiee 
3.63903 
Difference 22 2.19590 
To the diff. of the Segments AD, DB 27.74 1.44318 

Half the diff. of the Segments 13.87 

Half their Sum, or the Base AB 78.5 


Sum gives the great’ Segment DB 92.37 


Diff. give the less Segment aD 


64.63 


To find the Angles by Rule I. 


As the Side Ac 88 1.94448 
Is to Radius, or Sine 90° 10.00000 
So is the Segment AD 64.63 1.81043 


_— 


11.81045 


1,94448 
To Sine of Ang. ACD 47° 16' 9.86595 
90 00 
Angle cAD 42 44 


Ang. Acn 47° 16’ 
Ang. pcD57 % Ang.cBD 32 53 


As the Side Be 110 
Is to Radius, or Sine 90° 


2.04139 
10.00000 


So is the Segment DB 92.387 1.96553 


11.96558 
2.04135 


'fo Sine of Ang. BCD 57° '7' 9.92414 
90 06 


Sum gives Ang. ACB 104 23 
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BY THE COMMON GUNTER. a 


Ist. Extend the Compasses from the Base 157 to the Sum of the 
two Sides 198 on the line of Numbers; that extent will reach from 
the difference of the Sides 22, to the difference of the Segments 27.7 ; 
hence the Segments will be found as above. 

ad. Extend the Compasses from the Side ac 88, to the lesser Seg- 
ment ap 64.6 on the line of Numbers; that extent will reach from 
90° to the Angle acp 47° 10° on the line of Sines; hence the Angle 
CAD 1s 42° 44’, 

3d. Extend the Compasses from the Side cp 110 to the greater - 
Segment 92.4; that extent w ill reach from 90° to the Angle DCB 

57° 7’ on the line of Sines; hence the cORG CBD is 32° 53’. 


BY THE SLIDING GUNTER. 


Ist. Set the Base 157 on the sliding line of Numbers to the Sum 
of the two Sides 198 on the fixed lme of Numbers; then, opposite 
to the difference of the Sides 22 on the sliding line of Numbers will 
be the difference of their Segments 27.7 on the fixed line of Numbers, 
by which the Segments are found as above. | 

ad. Set the Side ac &8 on the sliding line of Numbers to. the lesser 
Segment 64.6 on the fixed line of N umbers; then, opposite to 90° on 
the sliding line of Sines will be Angle AacD 47° 16 on the fixed line 
of Sines; ‘hence Angle cap is 42° 44. 

3rd. Set the Side ce 110 on the sliding line of Numbers to the 


greater Segment 92.4 on tne fixed Ime of Numbers; then, opposite 


to 90° on the sliding line of Sines will be the Angle pcs 57° 4 7‘ on the 
fixed line of Sines: hence the Angle czp is 32° 53’. 


QUESTIONS FOR EXERCISE. 


1. Given one Side 129, an adjacent Angle 56° 30’, and the 
opposite Angle 81° 36’: required the third Ang! le and the remaining 
Sides. 

Ans’. The third Angle is 41° 54’, and the remaining Sides are 108.7 
and 87.08. | 
2. Given one Side 96.5, another Side 59.7, and the Angle 
opposite the latter Side 31° 30°: required the remaining Angles and 

the third Side. . 

Ans’. This Question is ambiguous, the given Side opposite the 
given Angle being less than the other given Side (See Rule L;} 
hence, if the Angle opposite the Side 96.5 be acute, it will be 57° 38’, 
the remaining Angle 90° 52’, and the third Side 114.2; but if the 
Angle opposite the Side 96.5 be obtuse, it will be 122° 22’, the re- 
maiming Angle 26° 8, and the third Side 50.32 
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8. Given one Side 110, another Side 102, and the contained Angle 

18° 36’: required the remaining Angles and the third Side. 

- Ans". The remaining Angles are 34° 37’ and 31° 47', and the third 

Side is 177.5. + 3 | 
__ 4, Given.the three Sides respectively, 120.6, 125.5, and 146.7: re= 

quired the Angles. . 


~ Ans". The Angles are 51° 53’, 54° 58’, and 73° 9. 
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GrocRAPHY is the art of describing the figure, magnitude, and 
_ positions of the several parts of the surface of the Earth. Y 


- “OF THE FIGURE AND MAGNITUDE OF THE EARTH. 
wih ¢ 4p 


"Various opinions were entertained by the ancients respecting the a 
“figure of the Earth: some imagined it. an immense plane surrounde tes 
by an impassable Ocean: others, that it was cylindrical; amd’some, > 
‘that it was a Sphere or Globe; which last opinion :s now ascertained =~ 
to be nearly the truth. The most obvious of the several arguments ‘ 
which prove the Sphericity of the Earth, and what must particularly 
strike every Mariner, are, that when approaching the Shores. of 
Countries, the points of high Rocks, Light-houses, Steeples of © 
Churches, and other thin but lofty objects, come into view much 
sooner than houses or other buildings of greater magnitude but less 
height; in like manner when Ships are approaching each other at 
GSea' the Masts aud Rigging are discerned some time before the Hull 
and lower parts of the Vessel, though much larger, come to view. 
Again, Seamen, it 1s well known,,. frequently discover distant lands 
. from the tops of a Ship’s Masts, long before they are visible to those 
‘who stand upon deck. ‘These circumstances prove that the surface 
‘of the Earth is convex, and as the same appearances happen wherever | 
the observer is situated, this convexity must be umform; hence we 
‘conclude that the Earth is globular. The Sphericity of the Earth 
‘8 likewise demonstrated by. Navigators who have sailed quite round 
‘t by constantly going westward and arriving home from the east- 
ward, which could not be effected were the Earth a plane: thus 
Ferdinand Magellan, setting out on the west side of Spain, continued 
shaping his course westward till he returned, home on the south 
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eastern side of Spain; and thus also have Drake, Dampier, Cook, and 
others, circumnavigated the earth; and when in addition to these 
facts it is recollected that all the Rules of Navigation are conform- 
able to the opinion of the Earth being nearly globular, and that 
these Rules never lead the Mariner into material error, these well 
known circumstances, without adducing others, (though others 
equally or more forcible might be adduced,) must sufficiently 
establish the belief, in the mind of every impartial and competent 
judge, that the Earth deviates but very little in its form, from that of 
a Sphere. 

Supposing the Earth to be in the exact form of a Sphere, any 
section of it made by a plane passing through its center would be a 
Circle, the circumference of which being conceived to be divided into 
360 equal parts called degrees, and the length of one of these measur- 
ed, the whole circumference, and thence the diameter of the Earth, 
may be easily determined. For this purpose several Mathematicians 
have undertaken the measurement of a degree ona Meridian, and 
from the mean result of their several admeasurements we may cone 
clude that the cireumference of the Earth is nearly 25000, and its 
diameter 79572, English miles; also that one degree contains about 
69.44 English miles, and that a nautical or geographical mile is equal 
to 6110 feet. 

On comparison of the several admeasurements of a degree on a 
meridian, it was found they varied in different parts of the Earth ; 
this circumstance, together with others arising from the principle of 
gravity, led to the belief that its figure was not that of an exact 
Sphere ; and in fact it has been proved that the Farth is flatted at 
the poles, similar to the figure of an Orange, or rather that its form 
is that of an oblate Spheroid, which is a solid generated by the rota- 
tion of a Semi-ellipsis about its shorter axis: it has likewise been 
established, that its polar and equatorial diameters are respectively 
7940 and 7977 English miles, being nearly in the ratio of 214 to 215 
but since its figure differs so little from that of a perfect Sphere, it is 
usual for the ease of calculation to consider it of that form, which 
approaches sufficiently near the truth for almost all practical pur- 
poses either in Navigation or Astronomy. 


OF THE NATURAL DIVISIONS OF THE EARTH. 


The constituent parts of the Earth are Land and Water; these 
naturally divide its surface into various portions, which have received 
tiie following particular terms according to their size, shape, and 
situation. ; 

A ConTINeNnT Is a large track of land comprehending several 
Empires, Kingdoms, or Countries, nut separated by any Sea or Ocean, 
as the Continents of [urope, Asia, Airica, and America. 
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An Isianp is a portion of land entirely, surrounded by Water; as 
Great Britain and Ireland. 

A Preninsuta is a part of lana nearly encompassed with Water, 
except where it is joined to a Continent by a narrow neck or point of 
land; as the Morea in the Mediterranean Sea. 

AnIstumus is the narrow neck of Land joinit g a Peninsula to the 
adjacent Land, and forms a communication between them; as the 
Isthmus of Darien, which joins North and South America. 

A Promontory isa high partof land that projects into the Sea, 
and is often called a Care when the land is high; and when it has 
but little elevation, it is more usually distinguished by the name of a 
Pornt or Heap. Thus the Cape of Good Hope isa mountainous 
Promontory, and the Lizard, at the entrance to the English 
Channel, a Point or Head-land. 

An Ocean isa vast collection of Water, separating Continents from 
each other; as the Atlantic and Pacific Oceans, 

A Sea is a smaller collection of Water, communicating with some 
adjacent Ocean, and confined by land within a narrower space; as 
the Mediterranean and Baltic Seas. ‘This term is sometimes used 
in a general sense for the whole body of salt Water on the 
terraqueous Globe. 

A GuLF isa part of the Sea or Ocean near!y surrounded by land, 
except where it immediately communicates with the Sea; as the 
Gulf of Venice, in the Mediterranean; the Guifs of Finland and 
Bothnia, in the Baltic Sea. 

A Bay is such a gulf or inlet as does not run very deep into the 
land; asthe Bay of Biscay, between the Shores of France and Spain, 
and the Bay of Bengal in the East Indies. Bays of a smaller descrip- 
tion are frequently denominated Crerxs, Havens, or Roaps, 
though the last term is usually applied to places upon any 
Coast where there is anchorage, and a certain degree of protection 
and shelter from winds. 

A Srrair is a narrow passage by which there is a communication , 
between a Gulf,and the adjacent Sea, or which joins one part of a Sea 
or Ocean with ‘another; as the Strait of Gi ibraltar, which joins the 
‘Mediterranean Sea to the Atlantic Ocean. 

A Laxeisacollection of Water in an inland part, and, strictly 
considered, has no communication with the Sea; as the Lake of 
Geneva. But this is not always attended to, for many of the Loughs 
or Lakes in Ireland and Scotland, and those in North America, as 
Lake Superior, Ontariv, &c. are an exception. 


OF THE IMAGINARY DIVISIONS OF THE EARTH. 


In order to point out the exact relative situation of places on the 
surface of the terraqueous Globe, Geographers are obliged to 
imagine certain points, lines, and circles belonging thereto, of 
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which such as will more immediately enter under our consideration 
we shall here explain. 

The Axis is an imaginary line passing through the center of the 
Farth: the extremities of this line are called the Potes: that which 
Is nearest. to us is called the North Pole, and its opposite the South 
Pole. The Earth revolves round the Axis, from West to East, in 24 
hours, which causes the vicissitude of day and night. 

The Equaror is a great Circle on the Earth equally distant from 
the Poles; it divides the Earth into two equal parts called Hrem1- 
sPHERES; that having the North Pole in its Center is called the 
Northern Hemisphere, and the other the Southern Hemisphere. 

MeriDIANs are imaginary Circles on the Earth passing through 
both the Poles, crossing the Equator at mght Angles, and dividing 
the Globe into two parts, called the Eastern and Western Hemispheres; 
or rather, the Meridian of a place is a Semicircie passing through 
the place and terminating at the Poles, the remaining half being 
called the opposite Meridian; hence every North and South Line is 
part cf a Meridian. 

It is usual for Geographers to fix upon a Meridian passing through 
some remarkable place, and to call it the first Meridian; thus, the 
British esteem that the first Meridian which passes through the 
Royal Observatory at Greenwich; so the French reckon for their 
first Meridian that which passes through the Royal Observatory at 
Paris; the Spaniards that which passes through Cadiz, and some 
Geographers the Meridian of Teneriffe: hence it appears the fixing 
of a first Meridian is entirely arbitrary, most nations considering that 
the first Meridian which passes through their Capital, or principal 
Observatory. 

The Eorizon is that apparent Circle which limits or bounds the 
view of a Spectator on the Sea, or on an extended plane, the eye 
being always supposed in the center of the Horizon. ‘This Circle is 
divided into 32 parts called points, for a description of which see 
Mariner’s Compass. 

The Earth is sometimes divided by certain Circles, parallel to the 
Equator, into portions called Zones; these are distinguished into 
two frigid, two temperate, and one torrid, in allusion to the general 
state of the Air, with respect to heat and cold, which prevails in each 
oi the situations. 

‘The Friaip Zones are those regions about the Poles where the 
Sun at certain times of the Year does not rise or set for some Days; 
they extend round the Poles as far as 23° 28': the imaginary Circle 
which bounds this limit in our northern hemisphere is called the 
Arctic Polar Circle, and that portion of the Globe included within 
it the North Frigid Zone. ‘The Circle which is at the same distance 
from the South Pole,-in the southern hemisphere, is called the 
Antarctic Polar Circle, and the space between it and the Pole is term- 
ed the South Frigid Zone. | 

‘he Temperate Zones are those portions of the Earth con: pre-: 
hended between the Polar Circles, and two parallel Circles that 
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are 23° 28’ distant from the Equator; of these parallels, that in the 

northern hemisphere is called the Tropic of Cancer; and the other in 
the southern hemisphere, the Tropic of Capricorn. 

' The Torrip Zone is the space included between the two 

Tropics, over every part of which the Sun is vertical at some time of 

the Year. 

Besides these divisions into Zones, the Ancients divided the Farth 
into Crimares, which are spaces contained between two parallels, 
where the difference in the longest day in each parallel is half an 
hour as far as the Polar Circles, and beyond that where they differ 
by a month; they likewise distinguished the inhabitants by different 
hames according to the diversity of shadows of upright bodies at 
noon, and their relative situation with regard to each other—hbut 
these vague expressions, intended to give some general idea of the 
situation of different Countries, have at length given way to the 
more precise terms of Latitude and Longitude. 


OF LATITUDE AND LONGITUDE, 


The Larirupe of a place is its distance from the Equator, mea- 
sured by an Arch of a Meridian contained between the Equator 
and the given place; it is called either North or South, according as 
the given place is situated in the Northern or Southern Hemisphere. 
Latitude is therefore reckoned from the Equator towards the Poles, 
and never exceeds 9( degrees, that being the distance of the Poles 
from the Equator. Hence a Ship in North Latitude sailing norther- 
ly; or in South Latitude sailing southerly, increases her Latitude; 
but in North Latitude sailing southerly, or in South Latitude 
sailing northerly, she decreases her Latitude. 

The ParaLiex or LatitupeE of any place is a Circle passing 
through that place parallel to the Equator. 

The DirFERENCE or Latirupe between any two places is an 
Arch of a Meridian, contained between the parallels of Latitude of 
~ those places. 

_ The Lonerrupe of a place is an Arch of the Equator compre- 

hended between the first Meridian and that Meridian which passes 
through the given place. Itis usual to reckon Longitude from the 
first Meridian either East or West, according.as the given place lies 
in the Eastern or Western Hemispheres, until it meets at the op- 
posite Meridian: therefore the Longitude of a place cannot exceed 
180 degrees, or a Semicircle. A Ship in East Longitude sailing 
easterly, or in West Longitude sailing westerly, increases her 
Longitude; but in East Longitude sailing westerly, or in West 
Longitude sailing easterly, she decreases her Longitude. 

The Dirrerence Or LoncitubE between two places is an Arch 
of the Equator intercepted between the Meridians of those places, 
and cannot exceed 180 degrees. 
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PROBLEM If. 
To find the difference of Latitude between two Places. 


Ruse. When the Latitudes are both of the same name, that is, 
both North or both South, subtract the less from the greater, and the 
remainder will be the difference of Latitude; but when one is 
North and the other South, their Sum wilk be the ditference of 
Latitude. 


EXAMPLE I. Whatis the differ- © EXAMPLE 11. A Ship from Lati- 
ence of Latitude between the Lizard tude 3° 10’ S. arrives to Latitude 
and Cape Finisterre ? 2° 26’ N.: required the difference of 

Latitude made good. 
Latitude of the Lizard 49° 58' N. Latitude left 3° «10S. 
Lat. of Cape Finisterre 42 56 N. Latitude in 2 26N. 
Diff. of Latitude «he ' Diff. of Latitude 5 36 
60 60 
In Miles > 422 In Miles . 336 


PROBLEM IL. 


With the Latitude left and the difference of Latitude, to find the 
Latitude in. 


Rue. When the Latitude left and difference of Latitude are of the 
same name, theirsum gives the Latitude in; but when they are of 
contrary names, their difference is the Latitude in, of the same name 
with the greater. 


EXAMPLETI. A Ship from the W. EXAMPLE II. A Ship three days 
end of the Island of Madeira, in ago was in Latitude 2° 48’ N., and 
Latitude 32° 54’ N., saiis North has since then sailed South 426 Miles: 
520 Miles*: what Latitude is she required her present Latitude. 
in? 

Latitude of Madeira 932° 54'N. Latitude left . 2° 48'N. 
Diff. of Lat. 520 or 8 40 N. Diff. of Lat. 426 or 7 68. 


eee ee ee 


Latitude in z 41 34N, Latitude in . 4 18S. 


PROBLEM III, | 
To find the difference of Longitude between two Places. 


Rue. If the Longitudes of the given places are both East or — 
both West, subtract the less from the greater; but if one be East 


® When the difference of Latitude or Longitude is given in Miles it is to be divided 
by 60, to reduce it to degrees and minutes. 
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and the other West, add them together, and the sum or remainder 


will be the difference of Longitude. 


When the sum of the two 


Longitudes exceed 180 degrees subtract it from 360 degrees, and the 
remainder will be the difference of Longitude. 


EXAMPLE I. What is the differ- 
ence of Longitude between the Lizard 
and St. Mary’s, one of the Western 
Islands ? 


EXAMPLE IIL. A Ship sailing West- 
ward from Rotterdam I. in the Pacifie 
Ocean arrives to Long. 164° 47' E.: 
required the diff. of Long. made good. 


Long. of the Lizard 5° 1 W. Long. of RotterdamI. 174° 45’ W. 
Long. of St. Mary’s 25 14 W. Long. of Ship 164 47 E.. 
Diff. of Longitude 20 3 Sum 339 32 
60 360 860 
In Miles 1208 Diff. of Longitude 20 28 
60 
In Miles. 1228 


PROBLEM IV. 


With the Longitude left and difference of Longitude, to find the 
Longitude in. 


Rute. If the Longitude left and difference of Longitude be of 
contrary names, subtract the less from the greater, and the remainder 
will be the Longitude in, of the same name with the greater; but if the 
Longitude left and difference of Longitude are of the same name, their 
sum will be the Longitude in, of the same name with the Longitude 
left; if this sum exceed 180° subtract it from 360°, and the remainder 
will be the Longitude in, of a contrary name to the Longitude left. - 


EXAMPLE It. If a Ship from 
Longitude 176° 49’ W. sail westward 
till her difference of Longitude is 10° 
14’ W., what is her present Longitude? 


EXAMPLE I. Suppose a Ship 
from St. Helena sails eastward till 
her difference of Longitude is 220 
Miles: required her Longitude in. 


Long. of St. Helena 5° 43°W. Longitude left. . 176° 49° W. 
Diff. of Long. 220 or 3 40 E. Diff. of Longitude 10 14 W. 
Longitude in > 24. 3 .W. Sum 187 3 

360 860 


Longitude in 172 57E. 


62 


a 


DESCRIPTION AND USE 


OF THE 


LOG, HALE-MINUTE GLASS, aNnpb 
COMPASS. 


Tue instruments used for estimating a Ship’s path or track at Sea, 
are the Log, Half-Minute Glass, and Compass. 


OF THE LOG AND HALE-MINUTE GLASS. 


The common Loge is a flat piece of Wood in the form of a 
Quadrant, with a sufficient quantity of lead fixed to the circular edge 
to keep it steady, and in a perpendicular position on the surface of 
the Water; to this is fastened a line about 120 fathoms long, called 
the Loc Lins, which is divided into spaces called Kwors, and 
wound on a reel, from which it runs off freely when used. 

The Hautr-Minure Grass is of the same shape with an Hour 
Glass, and contains such a quantity of Sand as will run through the 
hole in its neck in half a minute of time. 

The use of these Instruments is to ascertain the velocity of a 
Ship, or at what rate she sails, by an operation called heaving the Log, 
which is performed in the following manner: The Reel being held 
by one Man, and the Half-Minute Glass by another, the Officer of 
the Watch throws the Log over the Ship’s Quarter on the Lee Side, 
which swimming perpendicularly, remains stationary; and when he 
observes the first mark is going over the Ship’s side, which is usvally 
a red rag at the distance of ten or twelve fathoms from the Log, 
(that quantity, called stray line, being allowed in order to carry the 
Log out of the eddy of the Ship’s Wake,) he gives notice to the 
~ Man who hoids the Glass to turn it; and as soon as the Sand in the 
Glass is run out, the line is immediately stopped; then, the number 
of knots and fathoms which had run off at the expiration of the 
Glass being considered as miles and parts, gives the distance the 
‘Ship has run the preceding hour, if the: wind has been constant. 
But if the gale has not been the same during the whole hour, or 

time between heaving the Log, or if there has been more sail set, 
or handed, there must be an allowance made for it according to 
the discretion of the Artist. Sometimes, when the Ship is before 
the Wind, and a great Sea setting after her, it will brmg home the 
Log; ip such cases it is customary to allow one mile in ten, and 
less in proporticn if the Sea be not so great; a proper allowance 
ought also to be made if there be a head Sea. In heaving the Log 
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great care should be taken to veer out the line as fast as the Log 
takes it; for if the Log is left to turn the reel itself, it will come 
home and give an erroneous distance. 

When the Ship is sailing several knots an hour, sometimes Quarter- 
Minute Glasses are used, in which case the knots and fathoms run off 
the reel are to be doubled to give the hourly rate. 

In Ships of War and East-Indiamen, it 1s usual to heave the 
Log once every hour, but in Merchant Ships only once every two 
hours. 

The length of the Log-line between each knot ought to be 51 
feet nearly, that being the same part of a Nautical Mile that half a 
Minute is of an Hour*, viz. 120th part: but as the Log is apt to be 
drawn after the Vessel, and since it is safer to have the reckoning 
rather before than after the Ship, 50 feet has been thought sufficient 
space between the knots, each of which contains 10 fathoms of 5 
feet: indeed it is usual to allow only 48 feet to a knot, that is, 8 
fathoms of 6 feet each, and sometimes a less quantity; with which a 
Glass is used running 28 Seconds: but whatever may be the assigned 
length of the intervals between the knots, it is most convenient to 
divide them decimally, or into ten equal parts, by which the com- 
putation of the Ship’s run will be rendered more easy and accurate. 

But both the Log-line and Half-minute Glass are frequently affected 
by alterations in the heat or moisture of the weather; it therefore 
becomes necessary often to examine them, and if found erroneous, 
to correct. the Ship’s run. The length of line between the knots may 
be easily ascertained by measuring them with a Rule; and the Half- 
minute Glass may be examined either by a watch with a secend 
hand, or if that be not at hand, by the following method: fasten a 
plummet to a line and hang this on a nail, observing that the distance 
between the nail and the middle of the plummet be 393 inches; then 
swing the plummet and notice how often it passes under the nail 
while the Glass is running out, and that will be the number of seconds 
measured by the Glass. 

The following Rules for correcting the Ship’s run on account of 
the errors in the Log-line or Half-minute Glass, are given on a 
supposition that the knot ought to measure 50 feet, and the Glass 
to run 30 seconds. 


CASE I. 
When the Log-line 1s truly divided and the Glass faulty. 


Rue. Multiply the distance given by the Log, by 30: ‘divide 
the product by the seconds run by the Glass, and the quotient will 
be the true distance, ) 


® The length of a nautical mile is about 6110 feet, (see page 56;) this divided by 120, 
gives 50 feet 11 inches for the length of a knot. 
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EXAMPLE I. If a Ship sal 8 EXAMPLE II. Suppose the distance 
knots by the Log, while the Glass is sailed by the Log is 75 miles ana the 
running out, which wnen sezsured Glass runs out in 27 seconds, what is 
is found to run 34 seconds, what is the true distance run? 


her true rate of sailing? Distance by Log 7 miles 
Distance by Log 8 knots 30. 
30 —_——_—— 
—- 2'7)2250(83.3 true dis- 
34)240(7 knots 216 tance sailed. 
238 
auupass ” é . 90 
2 81 
90 
$1 
9, &e. 
CASE II 


When the Glass is true and the Log-line faulty. 

Rute Multiply the distance sailed by twice the measured length 
of a knot, then point off two figures to the right, and the remainder 
will be the true distance. : 

EXAMPLE J. A Ship sails 9 knots EXAMPLE II. If a Ship sail 195 


in half a minute, bya Log measuring miles by a Log which measures 48 
52 feet; required her true rate of feet: what is her true distauce run?” 


sailing? Distance by Log. .  195miles 
Distance by Log 9 knots Twice length of knot 96 
Twice length of knot 104 a 
Sere 1170 
True rate ? 9.36 knots, 1755 


True distance . 187.20 miles 


CASE IIT. 
When the Glass and Log-line are both faulty. 


Ruus. Multiply the distance sailed by the Log, by six times the 
measured length of a knot, and divide the product by the seconds run 
by the Giass, the quotient, pomting off one figure to the right, will 
be the true distance. 

ExAMPLE I. If a Ship runs 5 EXAMPLE II. Suppose the distance 
knots of a Log-line of 45 feet to a sailed by the Log is 150 miles, the 
knot, while a Glass of 25 seconds measured length of a knot is 51 fect, 
is running out, what is her true rate and the Glass runs 28 seconds: re- 


or 9 knots 4 fathoms nearly. 


of sailing? quired the true distance run. 

__ Distance run by Log 5 Distance by Log 150 miles 
6 times length of knot 45x6=270 6 times tength of a knot 306 
Seconds run by Glass 25)133.0 28)4590.0 
True rate of Sailing . 5.4 True distance run 163.9 miles 


‘or 5 knots 4 fathoms. 
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ATENBELE OF THE ANGLES 


which every Point & Quarter Point of the Compass makes withthe Meridian . 
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To find the length of a Knot corresponding to a Glass running any 
wi? given number of Seconds. | | 


Rute. Add a cypher to the number of seconds run by the Glass, 
and divide this by 6; the quotient will be the proportional length of a 
knot in feet. — , 

- EXAMPLE!. What oughtto be ExampLe it. Required the length 
the length of a knot when the Glass of a knot corresponding toa Glass 


runs 33 seconds? -. that runs 28 seconds. 
@, 6)330 2, SR ae 6280-5 
55 feet . A 46.67 or 46 feet 8 inches 
OF THE MARINERS COMPASS, 


This Instrument is an ee representation of the Horizon of 


oi eat Sido 
ae ae 
é 


any place; it consists of a ci ular Card, divided into 32 equal 
parts, by lines drawn from: the’ center to the circumference, cailed 
Ruums Lines, the extremities.of which are termed Porinrs or 
Kuumes: the intervals are subdivided into halves and quarters, called 


Haur Porn'ts and Quarter Points; the whole circumference is. 


likewise divided inte 360 degrees, consequently the Angle compre- 
hended between any two Rhumbs is equal to 11 degrees 15 minutes. 


_The four principal points are called the Carpinau Points, two of 


which, opposite each. other, are called the Norrnu and Sourn 
Points; that which is on the right hand when we look towards the 
North is termed the East, and its opposite the West Point; the 
names of the other points are compounded of these, according to 
their situation, but imstead of. the words, the initials, only are 
inserted, as exhibited in Plate III., where there is also a ‘lable, 


containing the measure of the Angles that each point, and quarter = 


point, makes with the North and South, or Meridian line. Under 
the Card, along the North and South line, a small bar of steel is 
fixed, called the Neepue, which, being touched with a load-stone, 
acquires the peculiar property of pointing North and South*, and 
consequently by the Card determines the direction of the other 
. points of the Horizon. The Needle, having a small socket in the 
center, is supported, together with the Card, on the point of a fine 
steel Pin, on which it freely turns, and by the above-mentioned 
property its points keep always in the same direction; these are 
confined in a circular brass box with a glass cover, the bex being 
hung in brass hoops or gimbals, in order to counteract the motion of 


* This is not strictly true, for the Needle deviates more or less from the North and 

South points of the Horizon, at different places, and at different times; but as the methods 

by which this deviation of the Needle is found depend on Astronomical Observatioxs, 
we shall defer entering into a further explanation till we treat on that subject. 
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the Ship. The whole of these are placed in a square wooden box 
with a moveable lid, which serves to support the gimbals and secure 
the Compass frum accident in removals. 

The Compass is used to point out the direction that a Ship sails 
at Sea; for this purpose it is to be so placed in the Ship that the 
middle section of the wooden box, parallel to its sides, may be 
parallel to the middle section of the Ship along-its keel; when it is 
thus fixed, that point of the Card which cvincides with a perpen- 
dicular line, marked in the inside of the circular box, and termed 
by Seamen, Lugser’s Point, will shew the direction of the Ship’s 
head. 

The Courses and Distances which a Ship gails in 24 hours are 
usually set down on a board called the Log Boanp, which will be 
further explained hereafter. 


PLANE SAILING. 


Pane SAILING is the art of navigating a Ship upon principles 
deduced from the supposition of the Earth’s being an extended 
plane. On this supposition, the Meridians are considered as being 
all parallel to each other, the parallels of Latitude at right Angles 
to the Meridians, and the length of a degree on the Meridian, 
Equator, and parallels of Latitude, every where equal. In this 
Sailing there are four principal parts, viz. the Course, Distance, 
‘difference of Latitude, and Departure. 

The Course is the Angle which a ship’s track or path makes 
with the Meridian, and is expressed either in points or degrees, 
Thus, when a Ship sails in a North East direction. we say her 
Course is 4 points or 45 degrees. 

The Dssrance is the number of miles, &c. between any two 
places reckoned on the Rhumb line of the Course; or it is the 
Jength that a ship has sailed on a direct course in a given time. 

The Dirrerence or Lartitrupe is the distance which a Ship 
has made North or South of the place sailed from, and is reckoried 
on a Meridian. } 

The Departure is the East or West Distance a Ship has made 
from the Meridian of the place she departed from, and is reckoned 
on a parallel of Latitude. | 

Hence it is evident, that if a Ship sail due North or South she 
sails on a Meridian, makes no departure, and her Distance and 
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difference of Latitude are the same: if a Ship sail due East or West 
she runs on a parallel of Latitude, makes no difference of Latitude, 
and her Departure and Distance are the same: but when a Ship sails 
in any other direction, she makes both difference of Latitude, and 
Departure, and these, with the distance, form a right angled Triangle, 
the Hypothenuse of which is the distance sailed, the Perpendicular 
is the difference of Latitude; the Base the Departure, the Angle 
opposite the Base is the Course, and that opposite the Perpendicular 
the Complement of the Course; hence, any two of these parts being 
given, the rest may be found by Plane Trigonometry. 

When a Ship’s Course is 4 points or 45 degrees, the difference of 
Latitude and Departure are equal; when the Course is less than 
4 points or 45 degrees, the difference of Latitude is greater than the 
Departure; when the Course is more than 4 points or 45 degrees, the 
Departure is greater than the difference of Latitude. 

In constructing a figure relating to a Ship’s Course, let the upper 
part of what the figure is drawn on represent the North, then the 
lower part will be the South, the right hand East, and the left 
West. 

Draw a North and South line to represent the Meridian of the 
place the Ship sailed from; then if the Ship’s Course be to the 
southward, mark the upper end of the line for the place sailed 
from; but if the Course be northward, mark the lower end for that 

lace. 
Through the point sailed from draw a line making a right Angle 
with the Meridian line (Prob. XII. Geom.,) on the East or West | 
side, according as the Ship is sailing to the eastward or westward; © 
and that line will represent the parallel of the place the Ship sailed 
from. 

When the Course is given, it is to be laid off from the Meridian 


on the arch described in making the right Angle, taken either from> ,” 


the line of Chords or Rhumbs, according as it is given in degrees or — 
points. 

5 A Line drawn from the center of the Quadrant through the 
point laid off for the Course will represent the distance, which, if 
given is to be laid thereon, beginning at the point sailed from. A 
‘line drawn from the extremity of the distance parallel to the 
East or West line, will determine the difference of Latitude and 


_ Departure. 


If the difference of Latitude is given, it is to be laid upon the 
Meridian, beginning at the point representing the place the Ship 
left; and a line drawn from the extremity of the difference of 
Latitude, parallel to the East or West line, till it meets the distance 
produced, will form the figure. 

If the departure is given, it is to Le drawn parallel to the East or 
West line, throuch the extremity of the difference of Latitude or 
Distance. : 

| KE? 
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CASE I. 


The Course and Distance given, to find the difference of Latitude and 
Departure. 


Exampute. A Ship from Latitude 48° 40'N., sails N.E. b. N. | 
2906 Miles: required her present Latitude and the Departure made. 
good, 


BY CONSTRUCTION. 


Draw the line ne to represent the Meridian 
the Ship sailed from; with the Chord of 60° 
in the Compasses, and one foot in c, describe 
the Arch ne; from n toe lay off the Chord 
of 90° and draw the ‘.ne ce: then will ncE 
represent the N.E. quarter of the Compass: 
take the Course 3 Pomts in the Compasses 
from the line of Rhumbs, which lay off from 
Nn towards rg, and through the point where it 
cuts the Arch draw the line ca, which make 
equal to the distance 296, taken from a scale 
of equal parts; through a draw the hne Ba 
parallel to ce (Prob. IV. Geom.;) then will Ba represent the 
Departure equal to 164.4 miles, and cp the difference of Latitude 
246 miles. 


R_ Departure. A 


BY CALCULATION. 


To find the Departure. 


As Radius 10.08000 
Is to Distance 296 2.47129 
So is Sine of Course 3 Pts.* 9.74474 


12.21603 
10.00000 


Ne ee 


To the Departure 164.4 2.21603 


To find the difference of Latitude. 


As Radius 10.00000 
Ts to Distance 296 2.47129 | 
Sois Co. Sine of Cou. 3 Pts. 9.91985 
12.39114 
10.00000 


To the diff. of Lat. 246.1 2.39114 


To find the Latitude in. 


Latitude left 


Diff. of Lat. 246 miles, or 4 


Latitude in. 


48° 40 N. 
6 N. 
52 46 N. 


‘© The Course being given in Points, the Logarithm of its Sine, &c. is to be taken from 
Table XXITI. 
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BY INSPECTION *. 


Enter the first Traverse Table, and find the Course 8 Points at 
the top, and in one of the columns marked Dist. find the distance 
206; then opposite to this, in the columns marked Lat. and Dep. 
will be the difference of Latitude 246.1, and the Departure 164.4, 


BY THE COMMON GUNTER. 


Extend from Radius, or 8 Points, tothe Course 3 Points on the 
line of Sine Rhumbs, marked s. r.: that extent will reach from the 
Distance 296, to the Departure 164.4 on the line of Numbers. 

Extend from Radius, or 8 Points, to the Complement of the Course 
5 Points on the line of Sine Rhumbs; that extent will reach from 
the Distance 296, to the Ditierence of Latitude 246.1 on the line of 
Numbers. 


BY THE SLIDING GUNTER. 


oe 

Set 8 Points on the line of Sine Rhumbs to coincide yath the 
Distance 296 on the line of Numbers; then, opposite to«the Course 
3 Points, on the line of Sine Rhumbs, is the Departure 164.4 on 
the line of Numbers; and opposite the Complement of the Course 
5 Points is the difference of Latitude 246.1. 


CASE IL 


The Course and Difference of Latitude given to find the Distance and 
Departure. 


- Exampete. A Ship sails S. E. 3 F. from St. Helena, in Latitude 
15° 55'S. until by observation she is in Latitude 18° 49'S.; required 
her Distance run and Departure made good. | 


Latitude of St. Helena 15° 55’ S. 
Latitude come to A 18 49 S. 


A ee re eee 


Difference of Latitude 2 54 — 174 miles. 


* Previous to resolving the Cases by fhis method, it will be necessary for the Learner 
to read attentively the explanation to Tables I. and II., which are constructed by this 
Case for every point, auarter-point, and degree of the Compass to Distances not 
exceeding 300. 
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BY CONSTRUCTION. 


Po *eeeeni | 


%, 


& 


the Arch sz, on which lay off 90°, and 
draw the line ce; from s towards £ lay off § 
the Course 43 Points, taken from the line 
of Rhumbs, and through the point where it 
cuts the arch sre, draw the line ca; from 
B draw the line ga parallel to the line cE; 
then will the departure Ba measure 212, 
and the distance ca 274.3 miles, 


B Departure A 


BY CALCULATION. 


To find the Departure. To find the Distance. 


As Co. Sine of Course 45Pts.9.80236 As Co. Sine of Course 4! Pts. 9.80236 
Is to diff.of Latitude 174 2.24055 Is to diff. of Lat. 174 . 2.24055 


So is Sine of Course 42 Pts. 9.88818 So is Radius - _  10.00000 
12.12873 . 12.24055 

9.80236 9.80236 

To the Departure 212 2.32637 To the Distance 274.3 2.43819 


BY INSPECTION. 


Over the Course 43 Points, find the Difference of Latitude 174, 
(or the nearest to it, which is 173.8) in a Lat. column, opposite to 
which will be found the Departure 211.8, and the Distance 274, in 
their respective columns. 


BY THE COMMON GUNTER. 


Extend from the Complement of the Course 33 Points, to the 
Course 43 Points, on the line of Sine Rhumbs; that extent will 
reach from the difference of Latitude 174 to the Departure 212 on 
the line of Numbers. 

Extend from the Complement of the Course 33 Points to Radius, 
or 8 Points, on the line of Sine Rhumbs; that extent will reach from 
the difference of Latitude 174 to the Distance 274.3 on the line of 

Numbers, . 


BY THE SLIDING GUNTER. 


Set the difference of Latitude 174 on the line of Numbers, to the 
Complement of the course 3} Points on the line of Sine Rhumbs; 
then, opposite the Course 43 Points on the line of Sine Rhumbs, will 
be the Departure 212 on the line of Numbers, and opposite 8 Points 
will be the Distance 274, 
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CASE III. 


The Course and Departure given, to find the difference of Latitude and 
Distance. 


Exampie. A Ship from Tat. 3°16 N. sails S. W. b. W.3 W. 
until she has made 356 Miles cof Departure: required her present 
Latitude and Distance sailed. 


BY CONSTRUCTION. 


Draw the Meridian line cs, and 
describe the Quadrant cws to repre- 
sent the 8. W. quarter of the Com- 
pass: from s towards w lay off the 
Course 5} Points, and through the 
Point where it cuts the Arch sw 
draw the line ca; from c to p lay 
off the Departure 356, and through | 
p draw the line pa parallel to cs, A Departure 356m. B 
meeting the line ca in a; through a draw the line aB parallel to ne, 


meeting cB in B: then will the difference of Latitude cz measure 213.4, 
and the Distance ac 415.1. 


BY CALCULATION. 


To find the diff. of Latitude. To find the Distance. 
As Sine of Course 53 Pts. 9.93335 As Sine of Course 53 Pts. 9.93335 
Is to Departure 356 2.55145 Is to Departure 356 2.55145 
So is Co.Si.of Course 54Pts. 9.71105 So is Radius 10.00000 
| 12.26250 12.55145 
9.93335 9.93335 


To the diff. of Lat. 213.4 2.32915 To the Distance 415.1 2.61810 


To find the Latitude in. 


- Latitude left - 3° 16'N. 
Diff. of Lat. 213 miles, or 3 33S. 


Latitude in  ° ~ 7 Pal by pe 


BY INSPECTION. 


In that page of the Traverse Table marked with the Course 5} 
Points at the bottom, find half the given Departure, viz. 178 (the 
whole being too great) inthe Dep. column; opposite to which, in 
the Lat. and Dist. columns, will be 106.9 and 208; these being 
multiplied by 2, give the whole difference of Latitude 213.8, and the 
Distance 416 miles, | 
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BY THE COMMON GUNTER. 


Extend from the Course 5} Points to the Coniplement of the 
Course 22 Points on the line of Sine Rhumbs; that extent will 
reach trom the Departure 356 to the difference of Latitude 213.4 on 
the line of Numbers. 

Extend from the Course 5} Points to 8 Points on the line of Sine 
Rhumbs; that extent will reach from the Departure 356 to the 
Distance 415.1 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set the Departure 356 on the line of Numbers to the Course 
5} Points on the line of Sine Rhumbs; then, opposite the Complement 
of the Course 2? Points on the Sine Rhumbs, will be the difference 
of Latitude 213.4 cn the line of Numbers, and opposite 8 Points the 
Distance 415.1. 


CASE IV. 


The Distance and Difference of Latitude given, to find the Course and 
Departure. 


Examexte. A Ship from Cape St. Vincent, in Latitude 37°3 N. 
sails between the North and West 430 miles, until her difference of 
Latitude is 214 miles: required her Course steered and Departure 


made good. 


BY CONSTRUCTION. 


Draw the Quadrant new to repre- A 
sent the N. W. quarter of the Com- > 
pass, and from c to B lay off the dii- 
ference of Latitude 214; through B 
draw the line ap parallel to cw; 
with the Distance 430 in the Com- 
passes, place one foot in c, and let 
the other foot cross azn in a, and 
draw the line ac: then will the | 
Course sca measure 60 degrees, and the Departure as 373 miles. 


Departure. B 


D. of Lat.2lam 7, 


BY CALCULATION. 


To find the Course. 
As the Distance 480 2.63347 
Is to Radius - 10.00000 
So is the diff. of Lat. 214 2.33041 


12.33041 
2.63347 


To Co. Sine of Cou. 60° 9’ 9.69694 


To find the Departure. 
As Radius - 10.00000 


Is to Distance 430 2.63347 
So is Sine of Course 60° 9’ 9.93819 


12.57166 
10.00000 


To the Departure 373 2.57166 
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BY INSPECTION. 


Seek in the several pages of the Traverse ‘Tables until half the 
Distance 215, and half the difference of Latitude 107, are found 
opposite each other in their respective columns; against these will 
be found 185.2, which being doubled gives the whole Departure 
372.4; and asthe column where the difference of Latitude is found 
is marked Lat. at bottom, the Course is to be taken from thence, 
which in this Example 1s 60 degrees. 


BY THE COMMON GUNTER. 


Extend from the Distance 430 to the difference of Latitude 214, 
on the line of Numbers; that extent will reach from Radius, or 90°, 
to 29° 51’, the Complement of the Course on the line of Sines: hence 
the Course is 60° 9’. 

Extend from Radius, or 90°, to the Course 60° 9’ on the line of 
Sines; that extent will reach from the Distance 430 to the Depar- 
ture 373 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set the Distance 430 on the sliding line of Numbers, to the 
difference of Latitude 214 on the fixed line of Numbers; then, 
opposite to 90°, on the sliding line of sines, will be the Complement 
of the Course 29° 51’, on the fixed line of sines; hence the Course 
is 60° O. 

Set 90° on the sliding line of Sines to the Course 60° 9' on the 
fixed line of Sines; then, opposite the distance 430 on the sliding 
line of Numbers, will be the Departure 373 on the fixed line of 
Numbers. 

Or, reverse the slide, and set 90 on the sliding. line of Sines, to the 
Distance 430 on the fixed line of Numbers; then, opposite the differ- 
ence of Latitude 214, will be the Complement of the Course 29° 51’, 
and opposite the Course 60° 9’ will be the Departure 373. 


CASE V. 


The Distance and Departure given, to find the Course and difference 
of Latitude. 


Exampte. A Ship from Latitude 1° 32'S. sails between the North 
and East 230 miles, and finds she has made 126 miles of Departure: 
required the Course steered, and her Latitude in. 
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BY CONSTRUCTION. 
B Departure 126m. “ 


Draw the Quadrant ncE to represent the N. E. 
area of the Compass; from c to p lay off the 

eparture 126, and through p draw the line pa 
parallel to cn produced; with the Distance 250 
in the Compasses, place one foot in c, and let 
the other cut pa in a; draw the line ac, and 
through a draw the line sa parallel to cp; then 
the Course sca will measure 30°16, and the 
difference of Latitude cB 215.9. 


'% Diff of Lat. 


BY CALCULATION. 


To find the Course. To find the diff. of Latitude. 
As the Distance 250 . 2-39794 As Radius : 10-00000 
Is to Radius " 10-00000 Is to the Distance 250 2.39794 
So is the Departure 126 2-10037 SoisCo. Sine of Cou. 30° 16 9-93636 
12-10037 12-33430 
2-39794 10-00000 


To Sine of Course 30°16’ 9-70243 To the diff. of Lat. 215.9  2-83430 


Latitude left - - - 1? Be 
Diff. of Lat 213.9 miles, or A 3 36N. 


Latitude in , ? Qt, aN. 


BY INSPECTION. 


Seek in the Tables till opposite the Distance 250, taken in its 
column, the nearest to the given Departure 126 is found in its proper 
column, adjoining to which stands the difference of Latitude 216.5, 
and as the column in which the Departure is found, is marked Dep. 
at the top of the page; the Course is to be taken from thence, which 
therefore will be 30 degrees, 


BY THE COMMON GUNTER. 


Extend from the Distance 250 to the Departure 126 on the line 
of Numbers: that extent will reach from Radius, or 90°, to the 
Course 30° 16’ on the line of Sines, 

Extend from Radius, or 90°, to the Complement of the Course 
59° 44’ on the line of Sines: that extent will reach from the Dis- 
tance 250 to the difference of Latitude 216 on the line of Numbers. 
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BY THE SLIDING GUNTER. 


Set the Distance 250 on the sliding line of Numbers, to the Depar- 
ture.126 on the fixed line of Numbers; then, opposite to 90°, on the 
sliding line of Sines, will be the Course 30° 16'on the fixed lines of 
Sines. 

Set 90° on the sliding line of Sines to the Complenient of the 
Course 59° 44’ on the fixed line of Sines; then, opposite the Dis- 
tance 250 on the sliding line of Numbers, will be the difference of 
Latitude 216 on the fixed line of Numbers. , 

Or, reverse the slide, and set 90° on the sliding line of Sines to the 
Distance 250 on the fixed line of Numbers; then, opposite the 
Departure 126 will be the Course 30° 16’, and opposite the Comple- 
ment of the Course 59° 44’ will be the difference of Latitude 216. 


CASE VI. 


The Difference of Latitude and Departure given, to find the Course 
‘ and Distance. 


Exampete. A Ship from Funchal, in Madeira, in Latitude 32° 37' N. 
sails a direct Course between the South and West until she is in 
Latitude 31°12’ N. by Observation, having made 72 miles of Depar- 
ture: required her Course steered and Distance run. . 


Latitude of Funchal 32° 37'N. 
Latitude in by Observation 31 12N. 


Difference of Latitude % 1 25=—85 miles. 


BY CONSTRUCTION. 


< 
ro 


Draw the Meridian line csp, and from c¢ 
describe the Quadrant csw; from c to B lay 
off the difference of Latitude 85; through B 
draw ap parallel to cw, and equal to the 
Departure 72, and join ac: then the Course 
AcB will measure 40°16, and the Distance 
4c 111.4. 


w% Diff.of Lat.5m 


A Departure 72, iB 
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BY CALCULATION. 


To find the Course. To find the Distance. 
As the diff. of Lat. 85 =: 1-92942 — As Radius ‘ 10-00000 
Is to Radius ‘ 10-00000 Isto the diff. of Lat. 84 1-92942 
So is the Departure 72 1-85733 Sois Sec. of Cour. 40°16 10-11745 
11-85783 12 -04687 
1-92942 10-00000 


To Tang. of Course 40°16 9-92791 To the Distance 111.4 2-04687 


BY INSPECTION. 


Seek in the different pages of the Tables till the difference of Lati- 
tude 85 and the Departure 72, or the nearest thereto, are found toge- 
ther in their respective columns, which will be under the Course 
40 degrees; and the Distance answering to these will be 11}. 

Nore. In this Case always seek for the larger of the two given 
Numbers in the column marked Lat. at the top of the page, until the 
smaller is found opposite to it in the column marked Dep at the top; 
observing, that when the Departure is more than the Lense of 
Latitude, the Course wiJl be at the bottom of the page. 


BY THE COMMON GUNTER. 


Extend from the difference of Latitude 85 to the Departure 72 on 
the line of Numbers; that extent will reach from Radius, or 45°, to 
the Course 40° 16’ on the line of Tangents. 

Extend from the Complement of the Course 49° 44’ to 90° on the 
line of Sine, that extent will reach from the difference of Latitude 85 
to the Distance 111.4 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set the Difference of Latitude 85 on the sliding line of Numbers to 
the Departure 72 on the fixed line of Numbers; then, opposite 45°, 
on the sliding line of Tangents, will be the Course 40°16’ on the 
fixed line of Tangents. 

Set the Complement of the Course 49° 44’ on the sliding line of 
Sines, to 90° on the fixed line of Sines; then, opposite the difference 
of Latitude 85, on the sliding line of Numbers, will be the Dis- 
vance 111.4 on the fixed line of Numbers. 


QUESTIONS FOR EXERCISE. 


i. A Ship from Latitude 36° 30° N. sails S.W. by W. 420 miles: 
what is her present Latitude, and what Departure has she made? 
Ans. Latitude in 32°37’. and Departure 349.3 miles, 


” 
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2. A Ship from Latitude 3° 54'S. has sailed N.W. 2 W. till she 
arrives at Latitude 2° i4’ N.: required her Distance run, and Depare 
ture made good. 

Ans‘. Distance 617.8, and Departure 496.2 miles. 

3. A Ship from St. Helena, in Latitude 15° 55'S, sails S$. 8. E. 3 E. 
till she has made 115 miles of Departure: I demand her present 
Lafttude, and the Distance she has run. 

Ans’. Latitude in 19° 30'S. and Distance 244 miles. 

4. A Ship from Latitude 28° 20' N. sails north easterly 486 miles, 
and finds by Opservation, that she is in Latitude 32°17’ N.: what 
Course has she steered, and what Departure has she made. 

Ans'. Course N. 60°49’ E. or N. E. b. E. § E. nearly, and Depar- 
ture 424.3 miles. 

5. AShip sails between the North and West 170 leagues from a 
port in Latitude 38° 42'N., until her Departure be 98 leagues: 
required her Course and Latitude in. 

Ans’. Course N. 35°12’ W., or N. W. b. N. 3 W. nearly, ana 
Latitude in 45°39'N. 

6. A Ship from the Lizard, in Latitude 49°58’ N. sails to the 
westward on a direct Course, till she arrives at Latitude 48°11' N., 
and finds she has made 87 miles of westing: required her Course 
steered, and Distance run. 

Ans". Course S, 39°7’ W., or S. W.b.S. 3 W. nearly, and Dis- 
tance 137.9 miles. 


TRAVERSE SAILING. 


eee eee 


W uen a Ship, either from contrary Winds or other causes, 1s 
obliged to sail on different Courses, the irregular or zig-zag track she 
makes is called a Traverse, or Compounp Course; and the 
method of reducing these several Courses and Distances into a single 
Course and Distance, is called resolving a ‘Traverse. 

To resolve a Traverse, make a Table, (as that in Example I.) and 
divide it into six columns; in the first of these set down the several 
Courses, and opposite to them, in the second column their corre- 
sponding Distances; the third and fourth volumns are te be marked 
N.S. at the top, and are to contain the differences of Latitude; the 
fifth and sixth are to be marked E. W., to contain the Departures. 

Find the difference of Latitude and Departure corresponding to 
each Course and Distance, by any of the methods in Case I. of 
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Plane Sailing, the most common of which 1s Inspection; set these 
down opposite the Distance in their proper columns, observing that 
the diiterence of Latitude must be placed in the North column, if 
the Course be northerly, and in the South column if the Course be 
southerly; and that the Departure must be placed in the Hast column, 
if the Course be easterly, and in the West column, if it be westerly, # 
“ When the Course is due North, South, East, or West, set down the 
Distance in that column answering to it. Add up the columns of 
northing, southing, easting, and westing, and set down the sum of 
each at the bottom ; then the difference between the sums of the 
North and South columas will be the whole difference of Latitude 
made good, of the same name with the greater; and the diflerence 
between the sums of the East and West columns is the whole 
Departure made good, of the same name with the greater sum. 
With this whole difference of Latitude and Departure made good, 
find the direct Course and Distance, as in Case VI. of Plane Sailing. 


EXAMPLE L. 


Suppose a Ship from the Start, in Latitude 50° 13’ N., sails W.S.W- 
51 miles, W. b. N. 35 miles, S.b. E. 45 miles, S. W.b. W. 55 miless 
and S.S. E. 41 miles: required her direct Course and Distance skin A 


and her Latitude in, 


BY CONSTRUCTION. 


Diff. of Lat. 125.3m. 


A Departure 102.6.m F 
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With the Chord of 60° describe the Circle Nesw, te represent the 
Compass; draw the diameters ns and ew at right Angles, the one 
representing the Meridian, end the other the Parallel the Ship sailed 
from: take each Course from the line of Rhumbs, and lay.them off » 

_ from the Meridian in their respective quarters, and number them in 
order, 1, 2, 3, 4, &c.; thus, from S. to 1 lay off 6 points for the first 
Course W.S. W.; from N. to 2 lay off 7 points for the second 
Course W. b. N.; from S. to 3 lay off one point for the third Course 
‘S. by E.; from S. to 4 lay off 5 points forthe fourth Course S.W.b.W. ; 
from 8S. to 5 lay off 2 points for the fifth Course S.S. E.; and trom 
the centre of the Circle draw Rhumb Imes to each of these points, 
whieh may be produced to any length that is necessary. Upon the 
first Rhumb c 1, lay off the first distance 51 miles, from c to a; then 
will a represent the Ship’s place at the end of the first Course; 
through a draw aps parallel to the second Course c 2, (Prob. IV. 
Geom.) and make it equal to the second Distance 35 miles; through 
B draw sc parallel to c 3, and equal to 45 miles: through c draw cp 
parallel to c 4, and equal to 55 miles; and through p draw pE 
parallel to c 5, and equal to 41 miles. ‘Through & draw the line Er 
parallel to the East and West line wr, meeting ns produced in F, and 
join ce. Then will cr be the difference of Latitude made good, 
measuring 125.3; eF the Departure 102.6, ce the Distance 162, and 
the Angle ecr the Course 39° 19’, or 33 Points. 


TRAVERSE TABLE. 


; | Diff. of Lat. 


Departure. 


Courses. (Dist. al | 

W.S.W. ot 19-6 Lat. left . 50° 13'N, 
W.b.N.| 35 | 6-8 Diff. of Lat.125, or 2 58, 
8. b. E.| 45 44.1] 8-8) peed Okt a 
S.W.b.W.] 55 30-6} Latitude in. 48 8N. 
S. 8. BE. | 41 37-9 15-7 Pye: Fy} 


6-8 [132-1] 24-5127-1 
6.8 | 24.5 


125-3} 


Diff.of Lat. 
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To find the Course and Distance made good. 
BY CALCULATION. 


. To find the Course. To tind the Distance. 
As diff. of Lat. 125.3 2-09795 As Radius : 10-0000 
Is to Radius : 10-00000 Is to diff. of Lat. 125.3 2-09795 
So is Departure 102.6 2-01115 So is Sec. of Cou. 39° 19’ 10-11145 
12-01115 12.20940 
2-09795 10-00060 
To Tang. Course 39°19 9-91320 To the Distance162 . 2-20940 Ne 


Hence the direct Course made good is S. 39° 19’ W. or §.W.b.S3W. 
and the Distance 162 miles. 


BY INSPECTION. 


- Seek in the Traverse Table till the difference of Latitude 125.3, and 
Departure 102.6, are found opposite each other in their respective 
columns; the nearest to these will be 125.2 and 102.8, which give the 
Course 33 Points at the top, and the Distance 162 in its column. 


EXAMPLE II. 


A Ship from the North Foreland, in Latitude 51° 23’ N. and bound 
to the Texel, which lies in Latitude 53° 2’ N., and 115 miles to the 
Eastward, sails N.E. 35 miles, E. b.S. 25 miles, N. E. b. E. 4 E. 
40 miles, North 21 miles, N. W. b. W. 30 miles: required her Course 
and Distance made good, the Latitude sheisin,and Departure from 
the Meridian; also the direct Course and J)istance from the Ship to 
the Texel. 


BY CONSTRUCTION. 


With the Chord of 60° describe a Circle, through the center of 
which draw the North and South, or Meridian line, N.S, and at 
right Angles to it the East and West line W.E.; lay off from the 
Meridian, upon the circumference of the Circle, the several Courses 
in their proper quarters, number them in order, and draw a Rhumb 
line from the center to each of the Points; then, on the first Rhumb 
line, which is N. E. or 4 Points, lay off the Distance 35 from the 
center, and through the: end of this first Distance draw a line parallel 
to the second Rhumb, E. b. 8. 7 Points, on which lay off the second 
Distance 25; proceed thus till all the Courses and Distances are laid 
off, and through the end of the last distance draw the line az parallel 
to the line W. E. meeting S. N. produced in 8; then will a represent 
the Ship’s place, cp will measure the difference of Latitude made 
good 76.4, na the Departure 59.6, ca the Distance run 97, and the 
Angle gca the Course steered 38 Degrees. 

To find what Course the Ship must steer, and what Distance she 
must run, before she can arrive at the Texel, lay off from c to p 99, 
the whole difference of Latitude between the Foreland and the 
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Texel, and through p draw pF parallelto W.E. and equal to the 
whole Departure 115, then will F represent the situation of the 
Texel: through a draw de parallel to cp and join ar; then az will 
be the Northing or difference of Latitude 23, and er the Easting, or 
Departure 55, the Ship has to make good; ar the Distance the Ship 
has to sail 60, and the Angle EA¥F measuring 67°27’, the Course from 
_ the Ship to the Texel. 


Whole Dep. between N. Foreland and the Texel’ g Texel 
D 


% 
a 


w 


Departure made good | 


il 
rf 
tS 
$. ‘> 
: Se x 
wi N.Foreleid ™.. es. :E 
; y Lat. Foreland 1° 23’ N. 
i ” Lat. Texel 53 2N. 
%. ro Bean int Fare 
; Diff. of Lat. 1 89 
60 
Miles’ 99 


TRAVERSE TABLE. 
Diff. of Lat. Departure. 


Dif. of Lat.| 76-4 | Dep. 
M 
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To find the Course and Distance made good. iM 
BY CALCULATION. 


To find the Course. — To find the Distance. 
As diff. of Lat.76.4 . 1-88309 As Radius ed 10-09000 
Ts to Radius 5 10-00000 Is to diff. Lat. 76.4 . 1-88309 
So is Departure 59.6 1-77525 —_ Sois Sec. Course 37°58" 10-10327 
11-979525 11-98636 
1.88309 10-00000 


To Tang. Course. 37°58’ 9-89216 To the Distance 96-91 1-98636 


BY INSPECTION. 


The Difference of Latitude 76.4 and Departure 59.6 being looked 
for till they are found opposite each other in their respective columns, 
give the Course 38°, and the Distance 97 miles. 


To find the direet Course and Distance from the Ship to the Texel. 


Lat. of N. Foreland - 51° 23'N. Whole Departure 115m. E, 
Diff. of Lat. made good 76m. or 1 16 N. Dep. made good 59-6 E, 


Latitude in ° : 52 39 N. © Dep. to make good 55-4E. 
Lat. of Texel é 53 2 N. 


Diff. of Lat to make good . 0 23N. 
BY CALCULATION. 


To find the Course. To find the Distance. 
As the diff. of Lat. 23 1-36173 As Radius : 10-00000 . 
{s to Radius ‘ 10-00000 Is to diff. of Lat. 23 1-36173 
Sov is Departure 55-4 1-74351 So it Sec. Course 67° 27’ 10.41625 
11-974351 11-77798 
1-36173 10-00000 


To Tang. Course 67°27 10-38178 To the Distance 59-98 —° 1-77798 


BY INSPECTION. 


The Departure 55.4 and difference of Latitude 23 being looked for 
in the Ta les till they are found together, the nearest answering to 
them ae be over the Course 6 Points, and opposite the Distance 
60 miles, 


QUESTIONS FOR EXERCISE. 


1. A Ship from the Lizard, in Latitude 49° 58'N. sails as follows: 
‘S.b. W. 42 miles, W.S. W. 36 miles, West 18 miles, E.S.E. 22 miles; 
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South 34 miles, and N. E. 21 miles: required her present Latitude, 
and the direct Course’and Distance made good. 

Ans, Her Latitude in is 48°35'N.; the Course.made good 
S. 16° 27’ W. or S. b. W. 3 W. nearly, and the Distance 86.13 miles. 

2. A Ship from a Port in Latitude 38° 42'N., bound to another . 
Port situated in Latitude 36°32’ N., and 137 miles to the Eastward, 
sails the following Courses; S.b. W. 3 W. 55 miles, S. W.b.S. 3 W. 
37 miles, South 60 miles, E.S. E. 40 miles, S. E.b.S.3 E. 32 miles, 
and N. I. b. E. 3 E..58 miles: required her direct Course and Dis- 
tance made good, her present Latitude, and the direct Course and 
Distance to her intended Port. 

Ans’. The Course made good is S. 23°38’ E. and the Distance 
169 miles; the Latitude m 36°77’ N., the Course to the intended 
Port N. 70° 8’ E., and the Distance 73.56 miles. 

3. The Course (by Compass) from Beachy Head to Selsea Bill is 
N.67° W. and Distance 40 miles; from Selsea Bill to St. Catherine’s 
Point N. 86° W. 21 miles; from St. Catherine’s Point to Portland 
Lights N. 69° W..44 miles; from Portland Lights to the Start 
N. 85° W. 49 miles: required the Course and Distance from Beachy 
Head to the Start. | 

Ans’. The Course is N. 75°51’ W. or W.N. W..2 W., and Dis- 
tance 152.2 miles. | 


PARALLEL SAILING. 


1 Es Plane Sailing it was observed that the Meridians are considered 
as being all parallel to each other, and the length of a degree on the 
Meridian. and Parallel every where equal, which supposition will 
give just conclusions, se far as the Course, Distance, difference of 
Latitude and Departure, are concerned, because. a Ship, when 
sailing on a Rhumb, makes equal Angles with the Meridians: but as 
- the Earth is a Sphere, or Globe, and the Meridians meet at the Poles, 
it is evideut that the Distance between any two Meridians must vary 
in every Latitude, thei greatest Distance being at the Equator, on 
which the difference of Longitude is measured; hence the difference 
of Longitude always exceeds the Departure, or meridian Distance, 
(except on the Equator, where they are the same) in proportion as 
the given places are situated iat from the Equator. 
M2 
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PanaLLeL Sait.no is the method of finding the Distance 
between two places in the same Latitude when their difference of 
Longitude 1s known, or of finding the difference of Longitude answer- 
ing te the Distance or Departure made good, when a Ship sails due 
East or West. 

This sailing is particularly useful in making small or low Islands, 
in which case it is usual to run into the Latitude, and then steer due 
East or West. 


The Principles upon which Parallel Sailing 
depend, may be thus illustrated: Let parc 
represent a Section of onefourth part of the 
Earth, through the center c, and one of the 
Poles p; then pag will be part of a Meridian, 
pc the Polar, and ec the equatorial Semi-axis ; 
also let pBo represent part of another Meri- 
dian, a and g two places in the same parallel, 
being equally distant from the Equator E0q; 
then will as be the meridian Distance, and 
EO their difference of Longitude; the Arches as or Bo will measure 
their Latitude, and ap or sp their Co, Latitude; ar, the radius of 
the parallel ass will be the Sine of the Arch ap, the Co. Latitude; 
or Co. Sine of ax, the Latitude of a or sn. Now the Angles ars 
and eco being equal, the Arches azg and £o are similar, and ‘as 
Circles and similar Arches of Circles are in direct ratio to their radii, 
therefore 


EC (or AC): EO33AR: AB , 


That is, As Radius Or, As Radius, 
Is to difference of Long. Is to any given portion of Equator 
So is Co. Sine of Latitude So is Co. Sine of Latitude 
To the meridian Distance To = similar portion of given parallel 


And, AR ; AB$:EC (or AC) ; EO. Also, EO : EC?! AB: AR. 


That is, As Co. Sine of Latitude That is, As difference uf Longitude 


Is to meridian Distance Is to Radius 
So is Radius So is meridian Distance 
To difference of Longitude To Co. Sine of Latitude 


Hence, if a Triangle, as anc (see Figure in CaselI.) be so con- 
structed that the longest side ac may represent the difference of 
Longitude in miles, the Base an the meridian distance, and the Angle 
opposite to it acs, the Co. Latitude, consequently the other Angle 
pac equal to the Latitude, and any two of these parts be given, the 
other may be found by Trigonometry 
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CASE 1. 


The difference of Longitude between two Places, both in one parallel 
of Latitude given, to find their Distance. 


Exampre A Ship in Latitude 36° 56’ N. and Longitude 20° 17’ W. 
1s bound to St. Mary’s, one of the Western Islands, in the same 
Latitude, and in Longitude 25° 5’ W., what Distance must she run to 
arrive at the Island? 


90° 0’ Longitude of Ship . 20° 17'W. 
Latitude 36 56 Longitude of St. Mary 25 5 W. 
Co. Latitude 53 4 Diff. of Longitude’. 4 48—288 miles. 


BY CONSTRUCTION. 


Draw the line as of any length, and 
make the Angle cas equal to the Lati- 
tude 36°56 (Prob. XII. Geom.;) from 
a to c lay off the difference of Longitude 
288, and from c draw cs perpendicular 
to as (ProbIII. Geom.); then will ax 
measure 230, the Departure or Distauce 
required, 


A Dep. or Dist. B 


BY CALCULATION, 
As Radius 10.00000 
Is to the difference of Longitude AC "288 - 2 45939 
So is the Co. Sine of Latitude 36° 56’ : 9.9273 


12.36212 
10.00000 


To the Distance aB 230.2 i 2.36212 


BY INSPECTION. 


Seek for the Complement of the Latitude 53° among the degrees 
in the Traverse Table, as if it were a Course, and for the difference 
of Longitude 288 in one of the Distance Columns of that page, oppo- 
site to ” which, in the Departure column, will be found 230, the 
Departure or Distance required. 


BY THE COMMON GUNTER. 


Extend from 90° to the Co. Latitude 53° 4’ on the line of Sines; 
that extent will reach from the difference of bamenrce. 288 to the 
Distance 230, on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set 90° on the sliding line of Sines to the Co. Latitude 53° 4’ on the 
fixed line of Sines; then, opposite to the difference of Longitude 288 


— 
* 
, 
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on the sliding line of Numbers, will be 230 the Distance, on the 
fixed line of Numbers. . 

By this Case the meridian Distance in miles and decimal parts, 
answering to a degree of Longitude in any parallel of Latitude may 
be found. ‘Suppose, for example, it were required to find the num- 
ber of Miles contained in a degree of Longitude in Latitude 45°. 


As Radius : q ; 10.00000 
Is to Co. Sine of Latitude é 4 45° 9.84949 
So is the miles in a Degree of Longitude at Equator 60 1.77815 
11.62764 
10.00000 


To the miles ina deg. of Long. in the given parallel 42.43 1.62764 


CASE II. 


The Distance between two places both in the same parallel of Latitude 
given, to find the difference of Longitude. 
Examp te. A Ship from Latitude 49°32'N. and Longitude 10° 16 W. 
sails due West 118 miles: required her present Longitude. 


BY CONSTRUCTION. 


90° 00’ 
Draw the line as, which make equal Lat. . 
to the given Distance 118, and make 
the Angle cas equal to the Latitude Co. Lat. 
49° 32’ (Prob. XII. Geom.;) upon B 
erect the Perpendicular sc, cutting 
the line ac in c; (Prob. II. Geom.) 
then will the line ac measure 182, the 
difference of Longitude required. 


A Dist.or Dep. 118m. B 
BY CALCULATION. 


As Co. Sine of Lat. 49° 32’ 9-81225 Long. left : 16° 16' W. 
Is tothe Distance AB 118 2-07188 Diff. of Long. 182m. or 3 2 W. 
So is Radius ‘ 10-00000 
——___ Longitude in ; 13 18 W, 
12-07188 : 
9-81225 


To the diff. of Long. 181-8 2.25963 


BY INSPECTION. 


Look for the Co. Latitude 40° in the Table, as a Course, aud for 
the Distance 118 in one of the Departure columns, opposite to which, 
in the Distance column, will be found 184; but as the Co. Latitude 
is nearly half way between 40° and 41°, look again in the page 
with 41° at the top, for the Distance 118 in one of the Departure 


- 


x ° 
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columns, and opposite in the Distance column will be found 180; 
then half the sum of this and 184, found before, will be 182, the 
difference of Longitude 


BY THE COMMON GUNTER. 


- Extend from the Co. Latitude 40° 28’ to Radius 90° on the line of 
Sines; that extent will reach from the Distance 118 to the difference 
of Longitude 182 miles 


BY THE SLIDING GUNTER. 


Set the Co. Latitude 40‘ 28’ on the sliding line of Sines to 90° on 
the fixed line of Sines; then, opposite to the Distance 118 on the 
sliding line of Numbers, will be the difference of Longitude 182 on 
the fixed line of Numbers. 


CASE III. 


The difference of Longitude and Distance between two places in the same 
parallel of Latitude given, to find the Latitude of that parallel. 


Examete. A Ship sails due East 156 miles, and then finds she has 
altered her Longitude 314 miles: required the Latitude of the parallel 
ehe has sailed on. 


BY CONSTRUCTION. 


Draw the line as, and make it equal to the 
Distance 156; on s erect the perpendicular zc, 
and with an extent in the Compasses equal to the 
difference of Longitude 314, set one foot in a, and 
with the other describe an arch cutting Be inc, 
and draw the line ac; then the Angle cas will 
measure 60° 13’ (Prob. XIII. Geom.) the Latitude 
required, 


A Dist.156m. B 


BY CALCULATION. 


As the difference of POREAIAgS, Ac 314 2.49693 
1s to Radius © 10.00000 
So is the Distance ; AB 156 2.19312 
12.19312 

2.49693 


To Co. Sine of the Latitude 60° 13 a“ 9.69619 
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BY INSPECTION. 


Seek in the several pages of the Table till half the difference of Lon- 
gitude and Distance, viz. 157 and 78, (the whole exceeding the limits 
of the Table) are found opposite each other in the Distance and 
Departure columns, which will give the Co. Latitude 30° at the top 
of the page, and consequently the Latitude required will be 60°. 


BY THE COMMON GUNTER. 

Extend from the difference of Longitude 314 to the Distance 156 
on the line of Numbers; that extent will reach from 90° to the Com- 
plement of the Latitude 29° 47’ on the line of Sines. Hence the Lati-_ 
tude required is 60° 13°. 


BY THE SLIDING GUNTER. 


Set the ditference of Longitude 314 on the sliding line of Numbers, 
to the Distance 156 on the fixed line of Numbers; then, opposite 90° 
on the sliding line of Sines, will be the Co. Latitude 29° 47’ on the 
fixed line of Sines. Hence the Latitude required is 60°13’. 


a 
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W EN a Ship sails due North or South, she keeps on the same 
Meridian, and therefore does not change her Longitude, and her 
Distance run is the difference of Latitude; consequently her place 
is easily determined by the Latitude left and difference of Latitude: 
Again, when a Ship sails due East or West, her difference of Longi- 
tude is found by the Latitude in, and Departure or Meridian Dis- 
tance, as already explained in Parallel Sailing; but when she sails 
upon any other Course, she changes both her Latitude and Longitude. 
Now the difference of Longitude cannot be inferred either from the 
Departure, considered as a meridian Distance in the Latitude left, ~ 
or that come to, for in the greater Latitude it would give the differ- 
ence of Longitude too much, and in the lesser Latitude too little; the 
Departure is therefore accounted a meridian Distance in the mean of 
the two Latitudes, and then the difference of Longitude is found as in 
Parallel Sailing; hence this Method, which is compounded of Plane 
and Parallel Sailing, is called Mippie LarirupeE SaiLinea. 

The Middle Latitude is half the sum of the two Latitudes when 
they are of the same name; or half their difference if of contrary 
names, 
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ay 


This method of Sailing although not strictly accurate, especially 
va high Latitudes, approaches sufficiently near the truth for a day’s 
“an; but it is used principally in low Latitudes, and when the Ship 


makes a Course nearly East or West. 


CASE I. 


The Latitudes and Longitudes of two Places given, to find the Course 
and Distance between them. : 


ExaMmp Le. Required the Course and Distance from Cape St. Vin- 
cent, in Latitude 37°1'N. and Longitude 9°2 W. to Funchal, in 
Madeira, in Latitude 32° 37’ N. and Longitude 17° 5’ W. | 


Lat. Cape St. Vincent 37° gh fae Bie oes b Long. C. St. Vine. 9° 2’ W. 
| Long. Funchal 17 5 W. 


Lat. Funchal , 32 37N. — 3237 


Diff. of Latitude 424 Sum 2)69 33 


Mid.Lat. 34 49 
In miles. 264 99 90 


Co, Mid. Lat. as il 


Diff. of Long. 8 3 
60 
In miles 483 


BY CONSTRUCTION. 


Draw the line ap to represent the Meri- 
dian of Cape St. Vincent; make the Angle 
apc equal to the Co. Mid. Lat. 55°11’, 
(Prob. XII. Geom.) and from p to c lay off 
the difference of Longitude 483; from c 
draw the line sc perpendicular to ap, 
(Prob. III. Geom.) make Ba equal to the 
difference of Latitude 264, and draw the 
line ac: then will Bc represent the De- 

parture=396.5, the Angle pac the Course 
~ = 56°21’, or 5 Points; and ac the Dis- 
‘ance=—476.4. ; 


BY CALCULATION. 


To find the Departure. 


To find the Course. 


As Radius - 10.00000 As diff. of Lat. 264 
is to diff. of Long. 483 2.68395 Is to Radius - 
So is Co.Sine mid. lat. 34°49’ 9.91433 So is Departure 396.5 


12.59828 
10.00600° 


— 


To the Departure 396.5 2.59828 To Tang. Course 56? 21 


& Diff.of Lat. abana 


2.42160 
10.00000 
2.59824 


12.59824 
2.42160 


10.17664 
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To find the Course without Dep*. To find the Distance. 
As diff. of Lat. 264 2.42160 As Radius 10+00900 
Is to diff. of Long. 483 2.68395 Is to the diff. of Lat. 264 2.42160 
Soe is Co.Sine mid. lat. 34°49’ 9.91433 So is Sec. Course 46°21’ 10.25640— 


12.59828 12.67800 


2.42160 10.06000 
To Tang. Course 56°21' 10.17668 To Distance 476.4 2.67800 


Hence the Course from Cape St. Vincent to Funchal is S. 56° 21'W. 
or S. W.b. W., and the Distance 476 miles, 


BY INSPECTION. 


Look for the Co. Middle Latitude 55°, as if it were a Course, and 
for 241, half the difference of Longitude (the whole being too great) 
in a Distance column, immediately opposite to which, in the Depar- 
ture column, will be found 197.4; this multiplied by 2, gives the 
Departure 394.8. 

Then 132, half the difference of Latitude, and 197.4, half the 
Departure, being found opposite each other in their respective 
columns, will give the Course 5 Points, and half the Distance ve 
which multiplied by 2, gives the Distance 474 miles. 


BY THE COMMON GUNTER. 


Extend from 90° to the Complement of Middle Latitude 55°11’ on 
the line of Sines; that extent will reach from. the difference of Lon- 
gitude 483 to the Departure 396.5 on the line of Numbers. 

Extend from the difference of Latitude 264 to the Departure 396.5 
on the line of Numbers; that extent will reach from 45° to the 
Course 56° 21’ on the line of Tangents. 

Extend from the Complement of the Course 33°59’ to 90° on the 
line of Sines; that extent will reach from the difference of Lati- 
tude 264 to the Distance 476.4 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set 90° on the sliding. line of Sines, to the Co. Mid. Lat. 55°11’ on 
the fixed line of Sines; then, opposite the difference of Longitude 483- 
on the sliding line of Numbers, will be the Departure 395.6 on the 
fixed line of Numbers. 


* This proportion is deduced from the two preceding, as may be thus demonstrated : 
First, Rad. : diff. Long. :: Co. S. Mid. Lat. abt aa therefore Rad. x Dep.—Co. S, 
Mid. "Lat. x ‘diff. Long. ; also, Diff. Lat. : Rad. Jepr. : Tang. Course; therefore ° 
Rad. x Dep, = Diff. Lat. x» Tang. Course; consequently Diff. Lat. x Tang. Course== 
Co. S. Mid. Lat. » Diff. Long.; “whence Dif, Lat.: Co. $. Mid. Lat :: Diff. Long. : 
Tang. Course; or, Diff. Lat. : Diff. Long. :« Co. 8. Mid. Lat. : Tang. Course. 
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Set the diff. of Latitude 264 on the sliding line of Numbers to the 
Departure 396.5 on the fixed line of Numbers; then, opposite 45° on 
one of the lines of Tangents, will be the Course 56° 21' on the adja- 
cent line of Tangents. 

Set the Complement of the Course 33°39’ on the sliding line of 
Sines to 90° on the fixed line of Sines; then, opposite the difference 
of Latitude 264 on the sliding line of Numbers, will be the Dis- 
tance 476.4 on the fixed line of Numbers. 


CASE IL. 
One Latitude, Course, and Distance gwen, to find the difference of 
Latitude and Longitude. 


Exampte. A Ship from Lat. 52°6'N. and Long. 35°6’ W. sails 
N.W. b. W. 229 miles: required her present Latitude and Longitude. 
D 


BY CONSTRUCTION. 


Draw the line ap, and make the Angle pac 
equal to the Course 5 Points; lay off, from 
ato c, the Distance 229, and draw the line cp 
perpendicular to the line an; then will the 
Departure cp measure 190.4, and the diff. of 
Latitude asp 127: hence the Latitude in is 
54° 137, and the Middle Latitude 53°9’. Now 
make the Angle pcp equal to the Middle 
Latitude 53° 9', then will cp be the difference 
of Longitude measuring 317.4 miles, 


BY CALCULATION, 


To find the diff. of Latitude. 


As Radius 10.00000 Diff. of Lat. 127 miles,or 2° 7’N. 
Is to Distance 229° 2.35984 Latitude left 4 52 6N. 
So is Co. Sine Course 5 Pts. 9.74474 i 
| ——____ Latitude in : 54 13 N. 
12.10458 : , 
. 10.00000 Sam of Latitudes 2)106 19 
To the diff. of Lat. 127.2 2.10458 Middle Latitude . 53 9 
90 90 
) : Co. Mid. Latitude 36 51 
To find the Departure. To find the diff. of Longitude. 
As Radius f 10.0000 As Co.Sine Mid.Lat.53° 9’ 9.77795 
is to Distance 229 2.35984 Is to Departure 190.4 2.27967 
So is Sine Course 5 Pts. 9.91985 So is Radius 10.00000 . 
12.27969 12.27967 
10.00000 9.77798 


- 


To the Departure 190.4 2.27969 To the diff, of Long. 317.5 2.50172 
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To find diff. Long. without Dep.* 
As Co. Sine Mid. Lat. 58°9 9.77795 Longitude left : 35° 6 W: 
Is to diff. of Lat. 127.2 2.10449 Dill. of Long. 317m. or 5 17 W:> 
So is Tang. Course 5 Pts. 10.17511 


nee D ae Lougitude in : 40 23 W. 
12.27960 
9.77798 


To the diff. of Long. 317.4 2.50165 


BY INSPECTION. 


Look for the Course 5 Points at the bottom of the pages, over 
which, and opposite the Distance 229 in its column, will be the difi 
of Latitude 127.2 and Departure 190 4 in their respective columns. 

Look for the Co. Mid. Latitude 37° (being the nearest to 36° 51) 
as if it were a Course, and for half the Departure 95.2 in its column, 
opposite the nearest to which, in the Distance column, will be 
found 158, this, multiplied by 2, gives the difference of Longitude 
316 miles. 


BY THE COMMON GUNTER. 


I.xtend from 8 Points to the Complement of the Course 3 Points on 
the line of Sine Rhumbs; that extent will reach from the Dis- 
tance 229 to the difference of Latitude 127.2. 

Extend from 8 Points to the Course 5 Points on the line of Sine 
Rhumbs; that extent will reach from the Distance 229 to the Depar- 
ture 190.4. : 

Extend from the Co. Mid. Latitude 36°51' to 90° on the line of 
Sines; that extent will reach from the Departure 190.4 to the diff. of 
Longitude 317.4 


t 


BY THE SLIDING GUNTER. 


Set 8 Points on the line of Sine Rhumbs to the Distance 229 on the 
Jine of Numbers; then, opposite the Course 5 Points will be the 
_ Departure 190.4, and opposite the Complement of the Course 3 Points 
will be the difference of Latitude 127.2. 

Set the Co. Mid. Latitude 36° 51’ on the sliding line of Sines to 90° 
on the fixed iine of Sines; then, opposite the Departure 190.4 on the 
sliding line of Numbers, will be the difference ot Longitude 317.4 un 
the fixed line of Numbers. 


* Or, by considering the whole Figure acp as an Oblique-Angled Triangle, it may be 
stated thus: «us Co. Sine Mid. Lat. is to Distance, so is Sine Course to diff. of 
Lougitude. 
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CASE IIL. 


Both Latitudes and Departure given, to find the Course, Distance, 
and Difference es 


Exampxe. A Ship from Latitude 49°57’ N. and Longitude 5°11'W. 
sails between the South and West until she arrives in Latitude 38°27'N. 
and finds she has made 440 miles of Departure: required the Course 
she has steered, the Distance run, and the Longitude she is in. 


Latitude left 49° 57’N. : 49° 57'N. 
Latitude in 38 27 N. ‘ 38 27 N. 
Diff. of Lat. 11 30° — Sum 2)88 24 
60 
_——- Mid. Lat. 44 12 
In miles 690 90 00 


_ Co. Mid. Lat. 45 48 


BY CONSTRUCTION. 


Diff of Lat. 6gom. 


Draw the line ap, and from a to B lay off the 
difference of Latitude 690; on Be erect the Perpen- 
dicular gc, which make equal to the Departure 
440, and join ac: draw the line cp so as to make 
an Angle with cB equal to the Middle Latitude 
44° }2°; then the Course cag will measure $2° 31’, 
the Distance ac 818.5, and the Difference of Lon- 
gitude vc 613.7. 


BY CALCULATION. 


To find the Course. To find the Distance. 
As diff. of Lat. 690 2.83885 As Sine of Course 32°31’ 9.73042 
Is to Radius : 10.00000 Is to Departure 440 2.64345 
So is Departure 440 2.64345 So is Radius 10.00000 
12.64345 12.64345 
2.83885 | 9.73042 


eee 


To Tang. Course 32°31’ 9.80460 To the Distance 818.5 2.91303 


To find the diff. of Longitude. To find the Longitude in. 
As Co. Sine Mid. Lat. 44°12’ 9.85547 Longitude left : 5° 11’ W. 
Is to Departure 440 2.64345 Diff. of Long. 614m. or 10 14 W. 
So is Radius ‘ 10.00000 
—__—_— Longitude in ° 15 25 W 
12.64345 


9.85547 


— 


To diff. of Long. 613.7 2.78798 
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BY INSPECTION. 


One fourth the difference of Latitude and Departure, that is, 
172.5 and 110, are found to correspond nearly under 32° and 33°, the 
Departure opposite the difference of Latitude 172.5 being too little. 
under $2° and too much under 33°, therefore the Course is about 
321 degrees, and the distances answering to these are 203 and 206: 
their sum 409, divided by 2, gives one fourth the Distance 204.5, 
which, multiplied by 4, gives the whole Distance 818. 

The Complement of Middle Latitude 46° taken as a Course, with 
one fourth the Departure 110 in its column, gives in the Distance 
column 153; this, multiplied by 4, will be the difference of Longi- 
tude 612. 


BY THE COMMON GUNTER. 


Extend from the difference of Latitude 690, to the Departure 440 
on the line of Numbers; that extent will reach from 45° to the 
Course 32° 31’ on the line of Tangents. 

Extend from the Course 32° 31’ to 90° on the line of Sines; that 
extent will reach from the Departure 440 to the Distance 818.5 on 
the line of Numbers. ' 

Extend from the Co. Mid. Lat, 45° 48’ to 90° on the line of Sines; 
that extent will reach from the Departure 440 to the diff. of Longi- 
tude 613.7 on the line of Numbers. 


BY THe SLIDING GUNTER. 


Set ihe difference of Latitude 690 on the sliding line of Numbers, 
to the Departure 440 on the fixed line of Sines; then, opposite 45° 
on one of the lines of Tangents will be the Course 32°31’ on the 
corresponding line of 'Tangents. 

Set the Course $2° 31’ on the sliding line of Sines, to 90° on the 
fixed line of Sines; then, opposite the Departure 440 on the sliding 
line of Numbers will be the Distance 818.5 on the fixed line of 
Numbers, 

Set the Co. Mid. Lat. 45° 48’ on the sliding line of Sines, to 90° on 
the fixed line of Sines; then, opposite the Departure 440 on the 
sliding line of Numbers, will be the difference of Longitude 613.7 on 
the fixed line of Numbers 


CASE IV. 


Both Latitudes and Course given, to find the Departure, Distance, 
and Difference of Longitude. 


Exampte. A Ship from Latitude 42° 25’ N. and Longitude 15° 6’W. 
sails N. E.b. E. for several days, and then finds by observation that 
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she is in Latitude 46°20'N.: 
and her present Longitude. 


Latitude left. . 42° 25’N. 
Latitude by Obs. 46 20 N, 


Diff. of Latitude 


3 59 
60 


In miles _ 235 


required the Distance she has sailed 


42° 25'N. 
46 20 N. 


Sum 2)88 45 


Mid. Lat. 44 22 


90 00 


Co. Mid. Lat. 45 38 


BY CONSTRUCTION. 


Draw the line ap, and from a toB lay off 
the difference of Latitude 235; on B erect 
the Perpendicular pc, and make the Angle 
Bac equal tothe Course 5 Points; draw the 
line cp, making an Angle equal to the Middle 
Latitude 44° 22’ with pc; then the Departure 
Bc will measure 352, the Distance ac 423, 
and the difference of Longitude pc 492. 


D.of Lat.235m. 


BY CALCULATION. 


To find the Departure. 


As Radius - 10.00000 
Is to diff. of Latitude 235 2.37107 
Sois Tang. Course5 Pts. 10.17511 


12.54618 
10.00000 


To the Departure 351.7. 2.54618 


To find the diff. of Longitude. 
As Co. Sine Mid. Lat. 44922’ 9.85423 


Is to Departure 351.7 2.54617 
So is Radius - 10.00000 
12.54617 

9.85423 

To diff. of Long. 492 2.69194 


Longitude ia ‘ 


To find the Distance. 


As Co.Sine of Course 5Pts. 9.74474 
Is to diff. of Latitude 235 2.37107 


So is Radius 10.00000 
12.37107 

9.74474 

To the Distance 423 2.62633 


To find the Longitude in. 


Longitude left ; 15° 6’ W. 
Diff. of Long. 492m. or 8 12 E. 
6 54 W. 


BY INSPECTION. 


Over the Course 5 Points, and opposite half the difference of 
Latitude 117.5, in its column, will be found half the Departure, 175.4 
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and half the Distance 21i; these, multiplied by 2, give the whole 
Departure 350.8, and the Distance 422. 

The Co. Mid. Lat. 45°38’ being taken as a Course between 45° 
and 46°, give opposite half the Departure 175.4, in the Distance 
columns, 248 and 244; half the sum of these, viz. 246, will be half 
the difference of Longitude, which, multiplied by 2, gives the differ- 
ence of Longitude 492. 


BY THE COMMON GUNTER. 


Extend from the, Complement: of the Course 3 Points tu the 
Course 5 Points on the line of Sme Rhumbs; that extent will reach 
from the difference of Latitude 235 to the Departure 351.7 on the line 
of Numbers. 

Extend from the Complement of the Course 3 Points to 8 Points 
on the line of Sine Rhumbs; that extent will reach from the differ- 
ence of Latitude 235 to the Distance 423 on the line of Numbers. 

Extend from the Co. Mid. Lat. 45° 38’ to 90° on the line of Sines; 
that extent will reach from the Departure 351.7 to the difference of 
Longitude 492 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set the difference of Latitude 235 on the sliding line of Numbers, td 
the Complement of the Course 3 Points on the line of Sine Rhumbs; ; 
then, opposite the Course 5 Points on the line of Sine Rhumbs, will 
be the Departure 351.7 on the line of Numbers, and opposite 8 Points 
will be the Distance 423. 

Set the Co. Mid. Latitude 45° 38’ on the sliding line of Sines to 90° 
on the fixed line of Sines; then, opposite the Departure 351.7 on the 
sliding line of Numbers, will be the difference of Longitude 492 on 
the fixed line of Numbers. 


CASE V. 
Both Latitudes and Distance given, to find the Course and difference of 
Longitude. 


Example. Suppose a Ship from Latitude 56°30'N. has sailed 
South Easterly 257 miles when she arrives in Latitudes4°47N. 
required her Course and difference of Longitude. 


Latitude left 56° 30’ N. : : 56° 30'N. 

Latitude in 54 47 N, - 54 47 N. 

Dif. of Lat. 1 48 9)111 17 
60 ASS OEY 


—— Mid, Lat. 55 38 
In miles 102 90 00 


Co. Mid. Lat. 34 22 
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BY CONSTRUCTION. 


Draw the line ap, and from a to B iay off 
the difference of Latitude 103; on zB erect the 
Perpendicular pc; and with the Distance 257 
in the Compasses, placing one foot in a, let 
the other cross pc in c, and draw the line ac; 
_ draw cp, making with cp an Angle equal to 
the Middie Latitude 55°38’; then the Course 
BAC Will measure 66° 22’, and the difference 
of Longitude cp 417. 


BY CALCULATION. 


oY 


To fing the Course. 
As the Distance 257 2.40993 
Is to Radius E 10.00000 
So is diff. of Lat. 103 2.01284 


12.01284 
2.40993 


To Co. Sine Course 66° 22' 9.60291 


To find the diff. of Longitude. 
As Co.Sine Mid. Lat. 55°38! 9.75165 
Is to Tang. Course 66° 22’ 10.35894 
So is diff. Lat. 103 2.01284 


12.37178 
9.75165 » 


To diff. of Longitude 417 2.62013 


Nore. We shall omit working this and the following Cases by 
Inspection and Gunter’s Scales, as it is presumed the Learner suffi- 


ciently understands those methods, without further instruction. 


CASE VI. 


One Latitude, Course, and Departure given, to find the Distance, 


difference of Latitude, and difference of Longitude. 


Exampte. A Ship sails S S. W. from Latitude 
51°15’ N. and Longitude 9° 50’ W. until her Depar- 
ture is 250 miles: required the Distance sailed, and 
her present Latitude and Longitude. 


BY CONSTRUCTION. 


Having drawn the line ap, make ax perpendicular 
to it, and equal to the Departure 250; through & 
draw sc parallel to ap, and draw ac making an 
Angle with ap equal to the Course 2 Points; draw 
cg parallel to az, and the line cp, making an Angle 
with cp, equal to the Middle Latitude 46° 13’; then 
will the difference of Latitude an measure 603.6, the 
Distance ac 653.3, and the diff. of Longitude 361.3. 


O 
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To find the diff. of Latitude. 


As Sine of Course 2 Pts. 9.58284 Latitude left ‘ 61° 15’ N. 
{s to Departure 250 2.39794 Diff. of Latitude 604m. or 10 4 S. 
So is Co.Sine of Course 2 Pts 9.96562 


— Latitude in 4i 11N. 
12.36356 
9.58284 Sum of Latitudes 2)92 26 
To the diff. of Lat. 603.6 2.78072 Middle Latitude . 46 i3 
- 90 00 


Co. Mid. Latitude 43 47 


To find the Distance. To find the diff. of Longitude. 


As Sine of Course 2Pts. 9.58284 — As Co. Sine Mid.Lat. 46°13’ 9.84006 
Is to Departure 250 2.39794 Is to Departure 250 2.39794 


So is Radius i 10.00000 So is Radius ; 10.00000 
12.39794 12.39794 
9.58284 9.84006 
To the Distance 653.3 2.81510 To the diff. of Long. 361.3 2.55788 
Longitude left ; ; 9° 50' W. 
Diff. of Longitude 361 miles, ar 6 1W. 
Longitude in s ‘ 15 55 W. 
CASE VIL. 


One Latitude, Distance, and Departure given, to find the Course 
difference of Latitude, and difference of Longitude. 


Examexe, A Ship from Latitude 54° N. and Longitude 33° 20°W. 
sails 350 miles between the North and East until she has made 
220 miles of Departure: required the Course steered, and her present 
Latitude and Longitude. D 


BY CONSTRUCTION. 


Draw the line ap, and make ag perpendicular 
to it, and equal to the Departure 220; through 
E draw Ec parallel to ap, and, with the Distance 
350 in the Compasses, set one foot in a, and let 
the other cross cz im c; join ac, and draw Bc 
parallel to bax; then the Course pac will measure 
38°57’, and the difference of Latitude an 272.2; 
hence the Latitude in will be 58° 32’, and the 
Mid. Lat. 56° 16’. 

Make the Angle scp equal to 56°16’, and the 
difference of Longitude pc will measure 396.2. 
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BY CALCULATION. 


To find the Course. 


As the Distance 350 2 54407 
Is to Radius 10.00000 
So is Departure 220 2.34242 
12.34242 

2.54407 


To Sine of Course 38°57 9.79835 


Latitude left 54° ON. 
Diff of Lat. 272m. or 4 32 N. 
Latitude in 58 382 N. 
Sum of Latitudes 112 32 
Mid. Latitude 56 16 
90 00 
Co. Mid. Lat. 33 44 


Longitude left 


To find the diff. of Latitude. 
As Radius ; - 10.000°0 
Is to Distance 390 2.54407 
So is Co. Sine Course 38957’ 9.89081 


12.43488 
10.00000 


To the diff. of Lat. 272.2. 2.43488 


To find the diff. of Longitude. 
As Co. Sine Mid.Lat.56°16' 9.74455 


Is to Departure 220 8 2.34242 
So is Radius 10.00000 
12.34242 

9.74455 


To the diff. of Long. 396.2 2.59787 


33° 20’ W. 


Difference of Longitude 396 miles, or + 6 36 E. 
Longitude in ° 26 44 W. 
CASE VIII. 


One Latitude, Departure, and difference of Longitude given, to find 
the other Latitude, Course, and Distance*. 


ExampLe. A Ship from Latitude 36° 32'N. 


sails between the 


South and West until she has made 480 miles of Departure, and 
562 miles of difference of Longitude: required her present Latitude, 


Course steered, and Distance run, 
BY CONSTRUCTION, 


Having drawn the line ap, make Bc perpen- 
dicular to it, and equal to the Departure 480; 
draw cp equal to the difference of Longi- 
tude 562, meeting ap inp; then the Middle 
Latitude pcp will measure 31° 20’; hence the 
Latitude in is 26°8', and the difference of 
Latitude 624: now make an equal to 624,and_ 
join ac, which will measure the Distance 787.2, 
and the Course cap will be 37°34 


A 


D. of Lat. 624m. 


eee Ee: | 


Dep Asom 


Ries 


w 


' This Case cannot be solved by Mercator’s Saikug. 
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BY CALCULATION. 


To find the Middle Latitude. 
As the diff. of Long. 662 2.74974 Middle Latitude 31° 20° 
[s to Radius ¢ 10-00000 a 
So is Departure 480 2.68124 


—___ Double Mid. Lat. 62 40 
12.68124 Latitude left . 36 82N. 
2.74974 


Latitude in . 26 ON 


To Co.Sine Mid. Lat.31920' 9.93150 
Diff. of Lat. -« 10 24—624m. 


To find the Course. To find the Distance. 
As diff. of Lat.624 . 2.79518 As Radius : 10.00000 
Ts to Radius y 10-00000 Is to diff. Lat. 624 . 2.79518 
So is Departure 480 2.68124  Sois Sec. Course 37°34  10.10092 
12.68124 12.89610 
2.79518 106.00600 


To Tang. Course 37°34’ 9.88606 — To the Distance 787.2 2.89610 


AE ee 


| 


M ERCATOR’S SAILING is the Art of finding on a plane surface 
the motion of a Ship upon any assigned Course of the Compass, 
which shall be true in Latitude, Longitude, and Distance sailed. 
This Method is derived from the projection of Mercator’s Chart, m 
which the degrees of Longitude are every where equal, the degrees of 
Latitude increase towards the Poles, and the Parallels, Meridians, 
and Rhumb-lines, are all represented by strait lines. 

Charts, in which the degrees of Longitude and Latitude are every 
where equal, are termed Prange Cuarts; these, it must appear 
obvious from what has been said in Parallel and Middle Latitude 
Sailing, are constructed on erroneous principles; and it is also 
evident that their error must increase in proportion as the places 
are more remote from the Equator; but the great inconvenience of 
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using curved lines on a plane surface, induced Marimers, notwith- 
standing their incorrectness, to use the Plane Charts, till Mr. Gerraid 
Mercator, about the year 1556, published a Chart, in which he con- 
tinued the Meridians all parallel to each other, thereby extending 
the degrees of Longitude beyond their proper length; but, in order 
to compensate for this expansion of the degrees of Longitude, he 
enlarged the meridional lines, that is, increased the Distance between 
the Parallels, so that the proportion between a degree of Latitude 
and Longitude might be every where preserved on the Chart, at the 
same time that the Meridians, Parallels, and Rhumbs, would be 
all projected into strait lines; whence a Chart thus constructed has 
obtained the name of Mercator’s Cuarr; it does not, however, 
appear that Mercator understood the true principles of this pro- 
jection, as he did not enlarge the meridional degrees in their just 
proportion. 

In the year 1599, Mr. Edward Wright, of Caius College, Cam- 
bridge, published the true principles of Mercator’s Chart, in a Work 
entitled, “ The Correction of certain Errors in Navigation,” where he 
shewed, by a Table of Meridional Parts, the length of the enlarged 
Meridians in miles of the Equator to every minute of Latitude, 
and which ‘Table he constructed according to the following 
principles. 

It has been already demonstrated in Parallel Sailing, that the 
length of any portion of a parallel is to a similar portion of the 
i.quator as the Co. Sine of the Latitude is to Radius: but the Meri- 
dians and Equator being equal on the Glebe, therefore the length 
of any portion of a Parallel is to a similar portion of a Meridian 
as Co. Sine of the Latitude is to Radius, or, which is the’ same 
thing, as Radius is to the Secant of the Latitude: now, if the 
Meridians are made parallel to each other, the length of a degree or 
minute of Longitude will remain the same in every Latitude as at 
the Equator, by which they will be enlarged beyond their proper 
length in the ratio of Radius to Secant of the Latitude; therefore, 
the length of the meridional degrees or minutes must be likewise 
increased in the same proportion. Hence the length of the first 
minute or mile of Latitude from the Equator will be represented by 
the Secant 1’, (the length of a mile on the Equator being Radius) 
the second mile by the Secant of 2’, the third mile by the Secant 
of 3’, &c. consequently the length of the Meridional line to any 
Latitude will be equal to the sum of the Secants of all the inter- 
mediate miles between the Equator and the given Latitude. 

This method of constructing Meridional Parts is not strictly 
accurate, because the Secants should be taken to every point of Lati- 
tude; but as the Tables of Meridional Parts are seldom carried 
to decimals, the error is of no consequence in any navigable ‘Lati- 
tude; however, more accurate and expeditious methods have been 
since invented for the same purpose. 
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To find the length of the expanded Meridian between any two 
Parallels of Latitude, or, as it is called, the meridional ditference of 
Latitude, the same Rules are to be observed as in finding the true or 
proper difference of Latitude; that is, if the Latitudes are of the same 
name, the difference of their corresponding Meridional Parts (taken 
from Table III.;) but if the Latitudes are of contrary names, the 
sum of those parts, will be the meridional difference of Latitude. 

From the principles of Mercator’s Chart it is proved, that if as 
(see the figure in Case I.) represent the true or proper difference of 
Latitude between two places, the Angle nac the Course, ac the true 
Distance, pc the Departure, as in Plane Sailing; .and if we produce 
AB top till it is equal to the enlarged or meridional difference of 
Latitude and draw pe parallel to pc; then will pe represent the 
difference of Longitude: now the Triangles asc and ape are 
similar, the Angle a being common to both, and the sides ge and 
DE parallel; therefore, as aBi BC?: aD‘ DE, that is, as the proper 
difference of Latitude is to the Departure, so is the meridional 
difference of Latitude to the difference of Longitude; hence, like- 
wise, in the Triangle apr, making av Radius, we have, as Radius, 
:ap:: Tang. Angle a: Ep; that is, as Radiusis to mer. diff. of 
Latitude, so is ‘Tangent of the Course to the difference of Longitude ; 
Or, making ar Radius, as Co. Sine Angle at ap: :Sine Angle a: gp; 
that is, as Co. Sine of the Course is to mer. diff. of Latitude, so is 
Sine of the Course to the diff. of Longitude: which proportions, with 
others derived from these Triangles, will resolve all the Cases ia 
Mercator’s Sailing. 

In the following Cases, except the eighth, the same examples are 
introduced as in Middle Latitude Sailing, in order that a comparison 
may be made between the two Methods. 


CASE) I. 


The Latitudes and Longitudes of two Places given, to find the Course 
and Distance between them. 


Exampxe, Required the Course and Distance from Cape St. Vin- 
cent, in Latitude 37°1'N. and Longitude 9°2’ W. to Funchal, in 
Madeira, in Latitude 32°37 N. and Longitude 17° 5’ W. 


Lat.Cape St.Vincent 37° 1’N. Mer. Parts 2394 Long.C. St.Vinc. 9° 2°W. 
Lat. Funchal . 3237 N. Mer. Parts 2072 Long. Funchal 17 5W. 


Diff. of Latitude 424 Mer.diff.Lat. 322 Diff.of Long. 8 3 
| 60 Pe i 60 


In miles . 264 In miles 483 
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BY CONSTRUCTION. 


Draw the line ap to represent the A 
Meridian of Cape St. Vincent, upon 
which lay off the meridional difference of 
‘Latitude 322; on p erect the Perpendi- 
cular pe (Prob. II. or XII. Geom.,) make 
it equal to the difference of Longi- 
tude 483, and draw the line az; from 
A to B lay off the proper difference of 
Latitude 264, and through wp draw pe FE = Dif  Long.483 D 
parallel to pe; then will the Angle rap be the Course, measuring 
56° 19’ or 5 Points, and ac the Distance 476. 


BY CALCULATION, 


av 
Wes 
iy 


M. Diff’. of Lat. 322 


To find the Course. . To. find the Distance. 

As Mer. diff. of Lat. 322 2.50786 As Radius ; 10.00000 
Is to Radius : ; 10.00000 Is to prop. diff. Lat. 264 2.42160 
So is diff.of Long. 483 2.68395 Sois Sec. Course 56°19’ 10.25602 

12.68395 12.67762 
2.50786 10.60000 
To Tang. Course 56° 19’ 106.17609 To the Distance 476 2.67762 


Hence the direct Course from Cape St. Vincent to Funchal is 
S. 56° 19’ W. or S. W. b. W. and the Distance 476 miles. 


BY INSPECTION 


Seek in the Tables for half the merid. diff. of Lat. 161 and half the 
diff. of Longitude 241.5 till they are found against each other in the 
Lat. and Dep. columns; the nearest to these are 161.1 and 241.1 in 
that page marked 5 Points at the bottom, which is the Course; over 
that Course, and opposite half the proper diff. of Latitude 132 in its 
column, is found, in the Dist. column, 238, which, multiplied by 2, 
gives the Distance required, 476. 


BY THE COMMON GUNTER. 


Extend from the mer. diff. of Lat. 322 to the diff. of Long. 483 on 
the line of Numbers: that extent will reach from 45° to the Course 
56° 19’ on the line of Tangents. ds 

Extend from the Complement of the Course 38° 41’ to 90° on the 
line of Sines; that extent will reach from the proper diff. of Lat. 264 
to the Distance 476 on the line of Numbers. 


BY THE SLIDING GUNTER. 


Set the mer. diff. of Lat. 322 on the sliding line of Numbers, to the 
diff. of Long. 483 on the fixed line of Numbers ; then, opposite 45° on 
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one of the lines of Tangents will be the Course 56° 19’ on the carre- 
sponding line of Tangents. | 

Set the Complement of the Course 33° 41’ on the sliding line of 
Sines to 90° on the fixed line of Sines; then, opposite the proper diff. 
of Lat. 264 on the sliding line of Numbers will be the Distance 476 on 
the fixed line of Numbers. 


CASE IL. 


One Latitude, Course, and Distance given, to find the difference of 
Latitude and difference of Longitude. 


Examece. A Ship from Latitude 52° 6’ N: and Longitude 35° 6’ W. 
sails N. W. b. W. 229 miles: required her present Latitude and 
Longitude. 


BY CONSTRUCTION. 


Draw the line ap and make the 
Angle par equal to the Course 5 
Points; from a to c lay off the 
Distance 229, and from c draw cB 
perpendicular to ap; then will as 
measure the diff. of Latitude 127: 
hence the Latitude come to is 54° 13’, 
and.the mer. diff. of Latitude 212; 
make a p equal to 212, and draw pg 
parallel to nc; then will the differ- 
ence of Longitude pe measure 317.3. 


Mer diff. & Lat. 


BY CALCULATION, 
To find the diff. of Latitude. 
As Radius. : 10.00000 Lat.left 52°6’N. Mer. Pts. 3675 


Is to Distance 229 2.35984 Diff. of Lat. 2 7 N. 

So is Co. Sine Cou. 5 Pts. 9.74474 os 
Sete ete Sat: in 5413.N. Mer. Pts.38887 
12.10458 , et = cake 
10.00000 Mer. diffiof Lat. 212 


To the diff. of Lat. 127.2 2.10458 


To find the diff. of Longitude. 


As Radius ~~. : 10.00000 Longitude left . . 35° @& W. 
Is to Mer. diff. Lat. 212 2.32634 Diff.of Long. 317m. or 6 17 W. 
So is Tang. Course 5 Pts. 10.17511 ; ——— 
Sean Longitude in ; 40 23 W. 
12.50145 
10.00000 


To diff. of Long. 317.3 2.50145 
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BY INSPECTION. 


Over the Course 5 Points, and opposite the Distance 220, is the 
difference of Latitude 127.2; hence the Latitude come to is 54° 13’, 
and the mer. diff. of Lat. 212; then, over the Course 5 Points, and 
opposite half the mer. diff. of Lat. 106, in a Lat. column, will be 
found 158.8 in a Dep. column which, multiplied by 2, gives the 
diff. of Longitude 317.6. 


BY THE COMMON GUNTER. 


Extend from 8 Points to the Complement of the Course 3 Points 
on the line of Sine Rhumbs; that extent will reach from the 
Distance 229 to the the difference of Latitude 127.2 on the line of 
Numbers. 

Extend from 4 Points to the Course 5 Points on the line of Tan- 
gent Rhumbs; that extent will reach from the mer. diff. of Lati- 
tude 212 to the diff. of Longitude 317.3. 


BY THE SLIDING GUNTER. 


Set the Distance 229 on the sliding line of Numbers to 8 Points on ” 
the fixed line of Sine Rhumbs; then, opposite the Complement of 
the Course 3 Points will be the diff. of Latitude 127.2. 

Set the mer. diff. of Latitude 212 on the sliding line of Numbers 
to the Complement of the Course 3 Points on the fixed line of Sine 
Rhumbs; then, opposite the Course 5 Points will be the difference 
of Longitude 317.3. 


CASE IIT. 


Roth Latitudes and Departure given, to find the Course, Distance, 
and Difference of Longitude. 


Exampxe. A Ship from Latitude 49°57’ N. and Longitude 5°11'W. 
sails between the South and West until she arrives in Latitude 38°27'N. 
and finds she has made 440 miles of Departure: required the Course 
she has steered, the Distance run, and the Longitude she is in. 


Latitude left . 49° 57’'N. Mer. Parts 3470 
Latitudein . 38 27N. Mer. Parts 2503 
Diff. of Latitude 11° 30 Mer. diff. Lat. 967. 
-§0 
ert 


Miles © 690 
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BY CONSTRUCTION. 


Having drawn the line ap, make as equal to 
the proper diff. of Latitude 690; on B erect the 
Perpendicular pc, and make it equal to the 
Departure 440; also make ap equal to the 
meridional diff. of Latitude 967, and draw pr 
parallel to nc; through a and c draw the line 
AE, Meeting DE in £; then will the Angle cas 
be the Course 32°31’, ac the Distance 818.5, 
and pe the difference of Longitude 616.5. 


Mer diff. Lat. 967 


E Diff. of Long. 
BY CALCULATION. 


To find the Course. 
As diff. of Lat. 690 . 


To find the Distance. 


2.83885 As Sine of Course 32°31’ 9.73042 

Ts to Radius 1090-00000 Is to Departure 440 2.64345 

So is Departure 440 2.64345 So is Radius 10.00000 

12.64345 12.64345 

2.83885 9.73042 

To Tang. Course $2°Si° 9.80460 ~—_ To the Distance 818.5 2.21803 

To find the diff. of Longitude* 

As Radius : . 10.00000 Longitude left 5° 11 W. 

Is to Mer. diff. Lat. 967 2.98543 Diff. of Long. 616m. or 10 16 W. 
So is Tang. Course 32°31 = 9.80447 —_———— 


12. 73996 
10.00600 


2.73990 


Longitude in 1b 27 W. 


To diff. of Long. 616.5 


BY INSPECTION. 


One fourth the difference of Latitude and Departure, that is, 
172.5 and 110, are found to correspond nearly under 32° and 33°, the 
Departure opposite the difference of Latitude 172.5 being too little 
under 32° and too much under 33°; therefere the Course is about 
324 degrees, and the distances answering to these are 203 and 206: 
their sum 409, divided by 2, gives one fourth the Distance 204.5, 
which, multiplied by 4, gives the whole Distance 818. | 

One fourth the mer. diff. of Latitude 241.7 in one of the Lat. 
columns of the page marked with the Course 32° at the top, gives 
in the Dep. column 151.0, and the same with the Course 33° at the 


* Or, since the Triangles ape and ADE are similar, the difference of Longitude may 
be found independent of the Course; for as AB: RC:: AD: DE; that is, as the proper 
aiff, of Lat, is to the Dep , so is the mer. diff. of Lat. to the diff. of Longitude. 
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top gives 156.9; the sum of these is 307 d, which, divided by 2, 
gives 153.9; this multiplied by 4, gives the difference of Longitude 
615.6. 


BY THE COMMON GUNTER. 


Extend from the difference of Latitude 690 to the Depaiture 440 
on the line of Numbers; that extent will reach from 45° to the 
Course 32° 31’ on the line of Tangents. 

Extend from the Course 32° 31! to 90° on the tine of Sines; that 
extent will reach from the Departure 440 to the Distance 818.5 
the line of Numbers. 

Extend from 45° to the Course 32°31'on the line of Tangents; 
that extent will reach from the meridional diff. of Latitude 967 to 
the difference of Longitude 616.5 on the line of Numbers, 


BY THE SLIDING GUNTER. 


Set the difference vf Latitude 690 on the sliding line of Numbers 
to the Departure 440 on the fixed line of Numbers; then, opposite 
45° on the sliding line of Tangents will be the Course 32° 31’ on the 
fixed line of Tangents. 

Set the Course 32°31’ on the sliding line of Sines to 90° on the 
fixed line of Sines; then, opposite the Departure 440 on the sliding 
line of Numbers will be the Distance 818.5 on the fixed line of 
Numbers. 

Set 45° on the sliding line of Tangents to the Course 32°31’ on the 
fixed line of Tangents; then, opposite the mer, diff. of Latitude 967 
on the sliding line of Numbers, will be the difference of Longi- 
tude 616.5 on the fixed line of Numbers. 


CASE IV. 


Both Latitudes and Course ginen, to find the Distance, and difference 
of Longitude. 


Examp te. A Ship from Latitude 42°25’ N. and Longitude 15°6'W. 
sails N. E.b. E. for several days, and then finds by observation that 
she is in Latitude 46°20'N.: required the Distance she has sailed 
and her present Longitude. 


Latitude left p 42° 25’N, Mer. Parts 2815 

Latitude in by Obs. 46 20 N. Mer. Parts 3144 

Diff. of Latitude. 3 55 Mer. diff. Lat. 329 
6O 


: 


In miles 238 
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“BY CONSTRUCTION. 
Draw the line ap, and from a to B D Diff. Long. R 


lay off the diff of Lat, 235; on perect § 
the perpendicular wc, and make the j, 
Angle Bac equal to the Course 5 Points; 4 | 
lay off the mer. diff. of Lat. 329 from &; 
A to p, and through p draw pe parallel & 
to sc; then the Distance ac will measure * 
423, and the diff. of Longitude px 492. ok 


BY CALCULATION. 


To find the Distances To find the diff. of Longitude, 
As Co.Sine of Course 5Pts. 9.74474 As Radius - 10.00000 
Is to diff. of Latitude 235 2.37107 Isto mer. diff. of Lat. 329 2.51720 
So is Radius ; 10.00000 Sois Tang. ConrsedS Pts. 10.17512 
12.37107 12.69231 
9.74474 10.00000 
Poa ~~ 
To the Distance 423 2.62633 To diff. of Long. 492.4 2.69231 
Longitude left ‘ ‘ 15° 6 W. 
Difference of Longitude 492 miles, or 8 12 EL 
Longitude in : ‘ 6 54 W. 


BY INSPECTION. 


Over the Course 5 Points, and opposite half the difference of 
Latitude 117.5, in its column, will be found half the Distance 211 in 
its proper column; this, multiplied by 2, gives the whole Dis- 
tance 422, 

Over the same Course, and opposite half the mer. diff. of Lati- 
tude 164.5 found in a Latitude column, stands 246.1 in the corre- 
sponding Dep. column; which, multiplied by 2, gives the diff. Lon- 
gitude 492.2, : 
BY THE COMMON GUNTER, 


Extend from the Complement of the Course 3 Points to 8 Points 
on the line of Sine Rhumbs; that extent will reach from the differ. 
ence of Latitude 235 to the Distance 423 on the line of Numbers. 

’ Extend from 4 Points to the Course 5 Points on the line ef Tan- 
gent Rhumbs; that extent will reach fromh the mer. diff. of Lat. 320, 
to the diff. of Longitude 492.4 on the line of Numbers. 


BY THE SLIDING GUNTER. 

Set the diff. of Latitude 235 on the line of Numbers, to the Com- 
plement of the Course 3 Points on the line of Sine Rhumbs; then, 
opposite 8 Points on the line of Sine Rhumbs, will be the Distance 
423 on the line of Numbers. 
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Set the mer. diff. of Lat. 329 on the line of Numbers to the Com- 
plement of the Course 3 Points on the line of Sine Rhumbs; then, 
opposite the Course 5 Points on the line of Sine Rhumbs will be the 
difference of Longitude 492 on the line of Numbers. 


CASE V. 


Both Latitudes and Distance given, to find the Course and difference of 
“Longitude. 


Exampxe. Suppose a Ship from Latitude 56° 30' N. has sailed 
South Easterly 257 miles when she arrives at Latitude 54° 47’ N: 
required her Course steered, and difference of Longitude. 


Latitude left . 56° 30'N. Mer. Parts 4128 
Latitude in . 54 47N, Mer. Parts 3945 


SR ee Ce ae ers 


Diff. of Latitude 1 43 Mer. difk Lat. 183 
60 


Miles 103 


BY CONSTRUCTION. 


Draw the line ap, and from a to 
B lay off the diff. of Latitude 103; 
on p erect the Perpendicular ue, 
and with the Distance 257 in the 
Compasses set ene foot in a, and 
with the other describe an Arch 
cutting Bc inc, and draw the line &p Diff. L 
(aC from a to D lay off the mer. diff. of Latitude 183, “and uleawet 
D draw DE parallel to Bc, nieeting ac produced in £; then the Course 
Bac will measure 66° 22, and the diff. of Longitude DE 418. 


BY CALCULATION, 


To find the Course. To tind the diff. of Longitude. 
As the Distance 257 2.40993 AsCo. Sine Course 66° 22’ 9.60302 


7> 


QI ery besfinuore 


' Is to Radius : 10.00000 Isto mer. diff. Lat. 183 2.26245 
So is diff. of Lat 103 2.01284 So is Sine Course 66° 22’ 9.96196 
12.01284 12,22441 

2.40993 — 9.60302 


ToCo. Sine Course 66° 22’ 9.60291 To diff. of Longitude 418.2 2.62139 


CASE VI. 
One Latitude, Course, and Departure given, to find the Distance, 
difference of Latitude, and difference of Longitude. 


Exampete. A Ship sails S. 8S. W. from Latitude 51°15’ N. and 
Longitude 9° 50’ W. until her Departure is 250 miles: required the 
Distance sailed, and her present Latitude and Longitude, 


4 


BY CONSTRUCTION. 


Draw ap, and make aF perpendicular to it, on 
which lay off from a to F, the Dep. 250; through 
y draw rc parallel to ap, and draw ac making 
an Angle with ap equal to the Course 2 Points, 
meeting rc in c, through which draw ce parallel 
to ra; then will the Distance ac measure 653, 
and the diff. of Latitude as 604; hence the Lati- 
tude in is 41° 11’, and the mer. diff. of Lat. 877; 
from a to p lay off 877, and draw pe parallel to 
BC OF Fa, meeting ac produced in =; then will 
the diff. of Longitude pE measure 363. 
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Mer. Diff. og Latitude. 


E Diff. Long. D 


BY CALCULATION. 


To find the dift. of Latitude. 


As Sine of Course 2 Pts. 9.58284 
Is to Departure 250 2.39794 
So is Co.Sine of Course 2 Pts 9.96562 


12.36356 
9.58284 


To the diff. of Lat. 603.6 2.78072 


To find the Distance. 


As Sine of Course 2Pts. 9.58284 
Is to Departure 250 2.39794 
So is Radius 10.00000 
12.89794 

9.58284 

To the Distance 653.3 2.81510 


Lat. left 51°15’N. Mer. Pts. 3583 To find the diff. of Longitude. 
Diff. Lat. 10 458, As Co. Sine of Cou. 2 Pts.. 9.96562 
mete Is to mer. diff. Lat. 877 2.94300 
Lat. in 41 11 N. Mer. Pts. 2716 So is Sine Course 2 Pts. 9.58284 
Mer. diff. Lat. 877 12.52584 
Long. left 9° 50'W. 9.96562 
Diff. Long. 6 3W. —_—_ 
————— To the diff. of Long. 363.3 2.56022 
Long in 15 33 W. 
CASE VII. 


One Latitude, Distance, and Departure given, to find the Cuurse, 
difference of Latitude, and difference of Longitude. 


Examete. A Ship from Latitude 54° N. and Longitude 33° 20’W. 
sails 350 miles between the North and East until she has made 
220 miles of Departure: required the Course steered, and her present 


Latitude and Longitude. 
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BY CONSTRUCTION. 


Draw ap and ar perpendiculartoit,which D Diff. Long. 
make equal to the Departure 220; through 
F draw rc parallel to ap, and, with the 
Distance 350 in the Compasses, set one foot 
in a, and with the other draw an Arch 
cutting Fc in c; join ac, and draw Bc 
parallel to ar; then the Course pac will 
measure 38° 57’, and the difference of Lat. 
AB 272.2; hence the Latitude in is 58° 32’, 
and mer. diff. of Latitude 490; from a to p 
lay off 490, and through p draw pv» parallel 
to AF or BC, meeting ac produced in E; then 
the diff. of Longitude pg. will measure 396. 


‘WT os Hp “wo 


BY CALCULATION. 


To find the Course. : To find the diff. of Latitude. 
As the Distance 350 2.54407 As Radius ¥ 10.00000 
Is to Radius Z 10.00000 Is to Distance 350 2.54407 
So is Departure 220 2.34242 SoisCo.Sine Course 38°57’ 9.89081 
12.34242 12.43488 
2.54407 10.00000 


To Sine of Course 88°57 9.79835 . ‘To the diff. ef Lat. 272.2 2.43488 


Lat. left 654° O’N. Mer. Pts. 3865 To find the diff. of Longitude. 


Diff. Lat. 4 32 N. As Co. Sine Course 38° 57’ 9.89081 


Is to mer. diff. Lat. 490 2.69020. 
So is Sine Course 38° 57’ 9.79840 
Longitude left : 33° 20’ W. 9.8908 1 

Diff. of Lungiiude 396, or 6 36 KE. 


Lat.in 58 32 N. Mer. Pts. 4855 


—ed 


ee ee 


To diff. of Long. 396.1 2.59779 


Longitude in 5 26 44 W. 


CASE VIII. 


One Latitude, Course, and difference of Longitude siren, to find the 
Distance and difference of Latitude.* 


Exampte. A Ship from Latitude 34° 29'N. sails S. 41° W. till 
her difference of Longitude is 680 miles: required her present Latitude 
and Distance sailed. 


* This Case cannot be solved by Middle Latitude Sailing. 
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BY CONSTRUCTION. 
Draw ap and make ar perpendicular to it, Foo 


A 
and equal to the difference of Longitude 680; ; 4 


draw FE parallel to ap, AE making an Angle 
with ap equal to the Course 41°, meeting FE 


in Z,and Ep parallel to ra; then ap will be : ae FP) 8 
the mer. diff. of Latitude equal to 782; which | ¥ 4 te 
subtracted from the mer. parts of the Lati- | A 


tude left gives the mer. parts of the Latitude _ | 
in; hence the Latitude in is 23° 6’, and the 

diff. of Latitude 683. Make an equal to 683, 
and draw sc parallel to Ep; then ac will be 
the Distance measuring 905. 


BY CALCULATION. 
To find the mer. diff. of Latitude. 


As Radius : 10.00000_ Lat. left 34°29’N. Mer. Pts. 2207 
Is to diff. of Long. 680 2.83251 Mer. diff. Lat. 782 
So is Co. Tang. Course 41° 10.06084 
— Lat.in 23 GN. Mer. Pts. 1425 
12.89335 ; 
iv.00000 Diff. Lat2 11 23 


M. WDiff. Lit. 


fre pe a 
E Diff. of Long.680 D 


60 
To mer. diff, Lat. 782.3 2.89335 —— 
Miles 683 
# To find the Distance. 
As Co. Sine Course 41° 9.87778 
Is to diff. of Lat. 683 2.83442 
So is Radius A 10.06000 
* 12.83442 
9.37778 
To Distance , 90d 2.95664 


QUESTIONS FOR EXERCISE, 

I. Required the Course and Distancé from the Cape of Good Hope, 
in Latitude 34° 24'S. and Longitude 18° 3’ E. to the Island of 
St. Helena, in Latitude 15° 55’S. and Longitude 5° 44’ W. 

Ans. By Middie Latitude Sailing the Course is N. 49° 55’ W. and 

Distance 1722 miles. . | 
By Mercator’s Sailing the Course is N49°46'W. and Distance 
1717 miles. 

2. A Ship from Lat. 29° 47'N. and Long. 24° 36’ W. sails S. S. W. 
2 W. 320 leagues: required her present Latitude and Longitude. 

Anst. By Middle Latitude Sailing, her Latitude in is 16* 4 N. and 

Longitude in 33° 32’ W.- 
Bv Mercator’s Sailmg her Latitude in is 16° 4’ N. and 
Longitude in 33° 33’ W. 


, 
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3. Suppose a Ship from Latitude 9°10’ N. and Long 19° 82’ W. 
galls between the South and East, till she has made 415 miles of 
Departure, and is by observation in 2°19'S.: required her Course 
steered, Distance run, and Longitude in: 

Ansr. By. Middle Latitude, or Mercator’s Sailing, her Course 
steered is S. 31° 4’ E. Distance run 804.3, and Long. in 12° 36 W. 

4, A Ship from Latitude 46°35’ N. and Longitude 176° 42’ W. sails 
N. W. b. W. 4 W. till she arrives in Latitude 51°18 N.: required her 
Distance run, and Longitude in. 

Anst. By Middle Latitude her Distance run is 600.3 miles, and 

Longitude in 169° 52’ FE. 
By Mercator’s Sailing her Distance run is 600.3, and Longi- 
tude in 169° 50 E. 


OF COMPOUND COURSES. 


To find the difference of Longitude made good upon compound Courses, 
by Middle Latitude and Mercator’s Sailing. 


In the preceding Cases, both of Middle Latitude and Mercator’s 
Sailing, we have always supposed the Ship to sail on a direct Course, 
but when she makes a compound Course, the several Courses are to 
be reduced into a single Course, as in Traverse Sailing, and then the 
difference of Longitude may be found either by Middle Latitude or 
Mercator’s Sailing, as will appear by the following Example. 

Suppose a Ship from Latitude 52° 36’ N. and Longitude 21° 45’ W. 
sails N. E. 36 miles, N. b. W. 14 miles, N. E. b. E. $ E. 58 miles, 
N. b. E. 42 miles, and E. N. E. 29 miles: required her present Lati- 
tude and Longitude. — 


Diff. of Lat, Departuie. 

Courses. Dist N. S. 
N, E 36 25-5 
N.b. W 14 13-7 
N.E.b. E. 4 E, 5 27:°3 
N. bE 42 41.2 
E. N. E 29 11-1 

Diff. of Lat.) 118-8 dT. 
} 2-7 
| : | Dep. |. 10950 He 


The rence of Latitude 118.8 and Departure 109.0, give the 
Course N. 42° 32’ E., and Distance 161.2 by Case VI. of Plane Sailing. 
3 QQ 
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Lat. eft 52°36'N. Mer. Pts. 3724 Long. left 21° 45'W. ~ 
Diff. Lat. 119, or 1 59N. Diff. Long. 184,or 3. 4 E, 
atin . 54 35N. Mer. Pts. 3925 Long in 18 41 W. 


Sum of Lats.2)107 11 Mer. diff. Lat. 201 


Mid. Latitude 53 35 


To find the difference of Longitude. 
By the Middle Latitude. By Mercator. 


As Co. Sine Mid. Lat. 53° 35’ 9.77353 As Co. Sine Course 42° 32’ 9.86740 
{sto Departure 109 2.03743 . Isto mer. diff. Lat. 201 2.30320 


So is Radius : 10.00000 So isSine Course 42° 32’ 9.82996 
12.03743 12.13316 
9.77353 9.86740 


To the diff. of Long. 183.6 2.26390 To diff. of Longitude 184.4 2.26576 


BY INSPECTION; - 

The Co, Mid. Latitude being about 362°, first look for 36° as a 
Course, and for the Departure 109 in one of the Dep. columns, against 
the nearest to which is 186 in a Dist. column; then look for the 
Departure 109 in the page with 37° at the top, opposite which stands 
181 ina Dist. column: the sum of this and 186 is 367, the half of 
which is 183.5, the difference of Longitude by Middle Lat. Sailing: 
or, the Course being 423°, look in the pages with 42° and, 43° at the 
top for the mer. diff. of Latitude 201 in a Lat. column, against the 
nearest to which will be 181.3 and 187.5 in the corresponding Dep. 
columns; the sum of these is 368.8, half of which is 184.4, the diff. of 
Longitude by Mercator’s Sailtg. . 

The above Method is that generally practised at Sea in estimating 
the difference of Longitude made good in a day’s run, being con- 
sidered sufficiently exact for the Distance sailed by a Ship in that 
time; but when the Distances are considerable, especially in high 
Latitudes, it is more accurate to estimate the ditference of Longitude 
made upon each Course and Distance, according to the following 
Rules. 

I. By Middle Latitude. To the Traverse Table annex a Longitude 
Table divided into six columns; the first 1s to contain the Latitude 
left and the several Latitudes the Ship is in at the end of each Course 
and Distance, estimated by the Latitudes left and differences of Lati- 
tude in the Traverse Table; the second, the sums of each following 
pair of Latitudes; the third, half the sums or Middle Latitudes; the 
fourth, the Complements of the Middle Latitude; and the fifth and 
sixth columns are to contain the differences of Longitude. Having 
found the Co. Mid. Latitudes, with these and their corresponding 
Departures in the Traverse Table, find the differences of Longitude, 
and place them in the East cr West columns, according to the name 
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of the Departure; then the difference of the sums of these columns 
will be the difference of Longitude made good, of the same name 
with the greater. 

Il. By Mercator, To the Traverse Table annex a Longitude Table 
consisting of five columns; the first is to contain the Latitude left ana 
the Latitudes of the Ship at the end of each Course and Distance; 
the second, the meridional parts corresponding to each Latitude; the 
third, the meridional differences of Latitude: and the fourth and fifth, 
the differences of Longitude. 

Having found the meridional differences of Latitude, with these 
and the Courses in the Traverse Table, find the corresponding 
differences of Longitude, which place in the East or West columns, 
according as the Course is easterly or westerly; then the difference 
between the sums of these columns will be the difference of Longi- 
tude made good upon the whole Traverse, of the same name with 
the greater. 

Nors. When the Course is North or South there is no difference 
of Longitude, and when it is East or West, the difference of Longi- 
tude must be found as in Case II. of Parallel Sailing. 

The differences of Longitude may be found by any of the Methods 
given in the Sailings, bat in the following Example we have used 
Inspection only. 


EXAMPLE. 


A Ship from Hangcliff in Latitude 60° 9'N. and Longitude 0°56’ W. 
sailed as follows, viz.: N. i. b. N. 69 miles, N. N. E, 48 miles; 
N. b. W. 3 W.78 Bia N.E. 108 miles; and S. E. b. E. 50 miles: 
required her Latitude and Longitude in, ~ 
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PT TI 


TRAVERSE TABLE. { ae TABLE. 


: Diff. Lat.| Departure. 
Courses. | pict. is (Ew: || Lats. | Sums. ace Con Mid te 


ee | re | es | S| ee 


9 Oo i Oo 4 ° ] 


N. E. b. N.| 691 57-4 38.3 61 6 |rar 15/60 37] 29 23 


N.N. E. 40 | 44.4 18.4 | 6r 50 |122 56)61 28] 28 32 | 
N.b.W.2W 78 | 74.6 22.6 || 63 5 |124 55/62 27] 27. 33 
N. E. 108 | 76.4 764 64 21 1127 26/63 43] 26 17 
'S. E, b. E. | .50 27.8] 41.6 63 53 |128 14/64 7| 25 53 
252.8 174-7 Long. left =. 0° 56'W. 

278 22.6 ‘Diff. Long. 336, or 5 36 E. 


225.0 152.1 Long. in 4 40 E. 
_ Course N. 434° E. and Dist. 272 miles. . 
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BY MERCATOR 


TRAVERSE TABLE. | LONGITUDE TABLE, 
Diff. Lat. Departure oy Mer. Mer. Diff. Long. 


Course. ist.} —— -——_— 
Dist. N.{ S, | E. [ W Parts. |D. Lats} E, | W. 


Sree ee ee 


60° 9' | 4545 
N. E. b. N.} 69] §7-4 38.3 6. 6 4062 It7 78.3 
N.N. E. | 40 | 44.4 18.4 61 50 4754 92 38.3 
N. b. W.2W.} ‘78 | 74.6 1926 63° 5 4916 162 49-1 
N. E. 108 | 76 76.4 64 21 5083 172 172.0 
S.E.b. E. | §0 27.8] 41.6 63 53 5023 65 97-3 
252.8 1747 Long. left Oo, 56'W. 38 
ong. : 50'W. 385.9 
ane 93:6 Diff. Long. 337, or 5° 37 E. 49.1 
225.0 152.2 Long. in 4 4: E. 336.8 


Course N. 34° E. and Dist. 272 miles. 


The Longitude of the Ship, according to the first Method, is 4°28" E. 
by Middle Latitude, and 4° 26’ by Mercator’s Sailing, differiug from 
these 12 and 15 miles; but as we have already observed, it is seldom 
necessary to use the latter Methods at Sea. 


OBLIQUE SAILING. 


OsBLieuE SAILING is the application of oblique-angled plane 
Triangles to various Cases at Sea; as in Coasting along Shores, 
approaching or leaving the Land, surveying Coasts and Harbours, 
c. 

In this kind of Sailing, to set an object, means to observe what rhumb 
or point of the Compass is directed to it, and the bearing of an Object 
is the rhumb on which it is seen; also the bearing of one place from 
another is reckoned by the name of the rhumb passing through those 
two places; hence the bearing of two places from each other are upon 
opposite points of the Compass; thus, if one place bears E. N. E. from 
another, the latter will bear W. S. W. from the former, being in the 
same line, but in opposite directions. 

A great variety of Examples might be given in this Sailing, but as 
they would rather tend to exercise the Learner in Trigonometry than 
answer any direct purpose, we shall select those only that appear to be 
useful in practice. 
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EXAMPLET 


Sailing down the Channel, I observed the Eddystone pear 
N. W.b.N.; and after sailing W.S. W. 18 miles, | found it bore 
from me N.b.E.: required the Distance of the Ship from the 
Eddystone at both stations. 


BY CONSTRUCTION. 


Describe the Circle N. W.S. E. Ch Eddystone. 
to represent the Compass, and 
draw the Diameters W.E. and N.S. 
at right Angles to each cther; 
draw the N. W.b.N., W.S. W., 
and N.b. E. Rhumb lines, and on 
the W.S.W. line lay off 18 from 

a tos, taken from any Scale of 
Rata Parts; through s draw 
Bc parallel to the N. b.E. line, 
meeting the N. W.b. N. line ac 
THs ‘then will a represent the 
place of the Ship at her first 
station, sp her place at the second 
station, and ¢ the place of the Eddystone; ac will be the Ship’s 
Distance from the Eddystone at the first station, measuring 21 miles, 
and sc the Distance at the second station, measuring 25 miles. 


BY CALCULATION. 


In the Triangle arc are given the Side an 18 miles, the Angle cas 
equal to 7 Points, the measure of the arch contained between the 
N. W.b.N. and the W. §. W. lines; the Angle asc equal to 5 Points, 
the interval between the N.b.E and the E, N. E. line, (being the 
opposite to the W.S.W. Rhumb), and the Angle pca equal to 
4 Points, the interval between the S. b. W. and the S. E. b.S. lines; 
to find the Sides ac and se. 


fo find the Side ac. To find the Side Bc. 
As Sine of Angle c 4 Pts. 9.84945 As Sine of Angle c 4 Pts. 9.84949 
Is to the Side an 18 1.25527 Is to the Side AB 18 1.25527 
So is Sine Angle B 5 Pts. 9.91985 So is Sine Angle A 7 Pts. 9.99157 
. 11.17512 -11.24684 
9.84949 9.84949 
To the Side ac 21.17. 1,32563 To the Side Bc 24.97 1.39735 


Hence the Distance of the Eddystone from the Ship’s first station 
18 21 miles, and from the second station 25 miles nearly. 
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EXAMPLE II. 


Coasting along shore, I observed two Capes, the first bore N. b. E. 
and at the same time the second bore N. EK. 3E.; now, by the 
Chart, these Capes bear from each other N. W.3 W.. and S.E.3E. 
(by Compass) distant 21 miles: required my Distance from both 
places at that time. 


BY CONSTRUCTION. 


Having drawn the Com- ist Ca 
pass N.W.S. E., the center of 
which is to represent the Ship’s 
place, draw the N.b. E. and 
Ni E. 2 E. Rhumb lines as, 
and ac, being the bearings of 
the Capes from the Ship; 
draw likewise the N.W.3W. at 
and S. E. } E. line, the bearing sis. 
of the Capes from each other, é 
on which from a top lay off ne : 
91): miles, the Distance Mer en eR 
tween the Capes; through p34 sae te 
draw pe parallel tothe N.b.E. ie 
line, and’ through c draw cp Ae A 
parallel to the N.W.2 W. and ip ore 
S. E.3 E. line; then s will S D 
represent the place of the first Cape, c the second Cape, az the Dis- 
tance of the first Cape from the Ship, measuring 31 miles, and ac 
the Distance of the second Cape, measuring 27 miles. 


BY CALCULATION. 


In the Triangle age are given the Angle nac 32 Points, the 
Arch between the N.b. E. and N.E.?E. lines; the Angle asc 
5} Points, the interval between the S. b. W. and S. E. 3 E. lines; and 
the Angle acs 7 Points, the interval between the N. W. 3 W. and 
S. ai ¢W. lines; and the Side pc 21 miles; to find the Sides as 
and ac. 


ra 
** 
oo” 


To find the Side AB. _ To find the Side Ac. 
As Sine Angle A 3? Pts. 9.82708 As Sine Angle A 33 Pts. 9.82708 
Isto Side Be 21 1.32222 Isto Side Bc 21 1.32222 
So is SineAnglec 7 Pts. 9.99157 So is Sine Angle B 5} Pts. 9.93330 
11.31379 11.28587 
9.82708 9.82708 


To the Side AB 30.67 1.48671 To the Side ac 26.82 1.42849 


Hence the Distance of the Ship from the first Cape is 31 miles; 
and from the second Cape 27 miles nearly. 
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EXAMPLE III. 


Being close in with Dungeness, I ran 27 miles on a direct Course to 
the westward, and then found Beachy Head bear N.N. W.; now the 
bearing of Beachy Head from Dungeness (by Compass) is W.3N. 
and the Distance 29 miles: required the Course steered, and the 
Distance of the Ship from Beachy Head. 


BY CONSTRUCTION. 


Describe a Circle, and N 
divide it into 4 equal | oy aaipihcs 
parts by the Diameters, 
N.S. and W.E., the ex- 
tremes of which will re- 
present the cardinal Pts. 
of the Compass; and the 
center of the Circle, the 
place the Ship sailed from 
(Dungeness;) draw the 
W.4N. line as equal to 
29 miles, then will Bs 
represent the place of 
Beachy Head: through pe draw zc parallel to the N. N. W. line, and 
with the Distance run, 27 miles in the Compasses, set one foot in a, 
and with the other describe an Arch cutting Bc in c, and ‘draw the 
line sc: then will c represent the Ship’s place, pc the Distance of the 
Ship from Beachy Head, measuring 19 miles, and the Angle sac the 
Course steered from the South, measuring 53° 39’. 


BY CALCULATION. 


In the Triangle ane are given the Side az equal to 29 miles; the 
Side ac 27 miles; and the Angle asc 5% Points, the interval between 
E. 38. and S.8.E.; to find the Angle pac, and the Side sc. 


To find the Angle BAc. 


‘ 


As the Side ac ,» 27 1.43136 Angle BCA : 76° 9’ 
Is to Sine of Angle ABC 53 Pts. 9.95616 Angle aBc 5? Pts. or G4 41 
So is the Side AB 29 1.46240 iene thle 
— Sum 140 50 

11.41856 180 00 

1.43136 —_————. 


a Angle BAC ‘ 39 10 
To Sine of Angle BcA 76°9* 9.98720 


To find the Side Bc. 


As Sine of Angle anc 5 Points : 9.95616 
Is to the Side ac 27 ; ; 1.43136 
Se is Sine of Angie BAC 39° 10’ ; 9.80043 
11.23179 

9.95616 

To the Side Be | 18.86 1.27563 


. * Ifthe above angle Bca be considered obtuse, or 103° 51’, the side Bc would ther 
be 5.938. (See Ruies, page 47.) 
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Now the bearing of an, which is W. } N. or W. 2° 40'N., subtracted 
from the Angle sac 39°10, gives the bearing of ac W.36° 91" Se 
hence the Course steered is S. 53°39' W. or S. W. 3 W., and the 
Distance of the Ship from Beachy Head is 19 miles. 


EXAMPLE IV. 


At noon St. Alban’s Head bore N. 29° E. and Portland Lights 
N. 20° W., and running N. W. at the rate of 7 knots an hour, at 
2 P.M. St. Alban’s Head bore N. 72° E. and Portland Lights N. 9° E.: 
required the bearing and distance of Portland Lights from St. Alban’s 
dead. 


BY CONSTRUCTION. 


Draw the Compass as before, 
and let the center a represent 
the first station from which 
draw the first bearing ac, 
N.29° E., and the second bearing 
ap, N.20° W., also, draw the 
N. W. line ag equal to 14 miles, 
the Distance run in 2 hours; 
then will s represent the second 
station; through p draw sc 
parallel to N.72° E. and gp i Beige Nahe Oe 
parallel to N.9° E., meeting the ue ae La ee 
lines ac and ap in c and p, eta [fan] Meee 
and join pc; then will c repre- i 67" steely 
sent St. Alban’s Head, p Port- Py bi Nyt 
land Lights, and cp their Dis- tw) id a“ 
tance, measuring 18 miles, the 
bearing of which will be N. 703 W. or W.N. W. 4 W. 


st. Alban’s, 


BY CALCULATION. 


In the triangle ABc are given the Side az 14 miles, the Angle acs 
equal to 43°, the interval between S.72° W. and S. 29° W.; and the 
Angle asc equal to 63°, the interval between N. 72° E., or E. 18° N., 
and S. E., or E. 45°S.; to find the Side ac. 


As Sine of Angle AcB 43° 9.83378 
Is to the Side AB 14 1.14613 
So is Sine of Angle aBc 63° 9.94988 
11.09601 

9.83378 


ee 


To the Side ac 18.29 1.26223 
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In the Triangle anp are given the Stde as 14 mites; the Angle 
ABD equal to 29°, the interval between S. 20° E. and $.9° W.; the 
Angle asp equal to 126°, the interval between N. 9° E., or E. 81°N., 
end S. E. or S. 45° E.; to find the Side ap. 


As Sine of Angle ADB 29° ; 9.68557 
Is to the Side AB 14m. ; 1.14613 
So is Sine of Angle ABD 126° P 9.90796 
11.05409 

9.68557 

To the Side aD 23.36 1.36852 


In the Triangle acp are given the Side ac 18.29; the Side 
AD 23.36; and the included Angle cap equal to 4y°, the interval 
between N. 29° E. and N. 20° W.; to find the Angle acpn, and the 
Side cp. 


To find the Angle Acp. 


Side AD 23.36 As sum of the Sides Ac, AD, 41.65 1.61962 

Side ac 18.29 Is to their difference : 5.07 0.70501 
ao So is Tang. of 4 the Sum oan 

Sum = 41.65 of niteles ABC, DCA Fa Sr wy bi 

Dif, . 5.07 ———- 

11.04631 

180° 1.61962 


Angle CAn 49 ob-ictares 


wae To Tang. of half their diff. 14 57 9.42669 
Sumofapc & DCA 131 AER oS 


Half ; 65 30’ Sum gives the Ang. acD 80 27 
To find the Side cn. 

As Sine of Angle acp 80° 27’ 9.99394 

Is to the Side ap 23.36 1.36847 

So is Sine of AngleGap 49° 9.87778 
11.24625 

9.99394 

To the Side cp 17.88 1.25231 


Now the Angle acp 80° 27’ added to 29°, the bearing of ac from 
the South, gives the bearing of cp, S.109°27' W., which, subtracted 
from 180°, leaves the bearing N.70°33' W. or W.N.W.4 W. nearly. 
Hence the bearing of Portland Lights from St. Alban’s Head is 
W.N. W.3 W. (by Compass) and the Distance 18 miles nearly. 

Nore. In this manner the mutual bearings and Distances of any 
number of Points may be ascertained; but in practice it is more 
expeditious, and in general suiticiently exact, to construct the Figure 
on a proper Scale, and then measure off the several parts. 
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CURRENT SAILING. 


Current SAILING is the method of determming the true 
Course and Distance of a Ship when her own motion is affected and 
combined with that of a Current. 

A CurRENnr is a progressive motion of the Water, causing all 
floating bodies to move that way towards which the stream is 
directed. The setting of a current is that point of the Compass 
towards which the Water runs, and its drift is the rate at which it 
runs per hour, or in any other given time. 

The most usual method of ascertaining the set and drift of an 
unknown Current is to take a boat, in calm. weather, a small distance 
from the Ship, and, being provided with a half-minute glass, loy, a 
heavy iron pot or loaded kettle and a small boat compass, to let 
down the pot or kettle by a rope fastened to the boat’s stern, to the 
depth of about 100 fathoms, by which the boat will remain nearly as 
steady as at anchor; then the Log being hove, its bearing will.be the 
setting of the Current, and the number of knots run out in half a 
minute wili be its drift per hour. 

The Current being known, it remains to apply its effects on a 
Ship’s way, which will depend on the direction and velocity of both 
with regard to each other. If a Ship sail in the direction of the 
Current, it is evident that the velocity of the current must be added 
to that of the vessel: if her Course be directly against the Current, 
their difference will be the Ship’s true velocity; but if a Ship’s 
Course be oblique to the Current, her direction by the compass will 
be compounded with that of the Current; that is, she will proceed 
in the diagonal of the parallelogram formed according to the two 
lines of direction, and will describe or pass over that diagonal in the 
same time in which she would have described either of the Sides by 
the separate velocities. For let ancp be a parallelogram, the 
diagonal of which is ap. Now if the Wind alone would drive the 
Ship from a to B in the same time the A B 
Current alone would drive it from ME ! 
a to c, then as the Wind neither helps 
nor hinders the Ship from coming to- 
wards the line cp, the Current will és | 
bring it there in the same time as if the ae 
Wind did not act; and as the Current 
‘neither helps or hinders the Ship from “J oh 
coming towards the line pp, the Wind a ne 5 
will bring it there in the same time as if c 
the Current did not act. Therefore the AGM. 4..., SE 
Ship must, at the end of that time, be x : 
found in both those lines; that is, iu 
their meeting D: consequently, the Ship C 
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must have passed from a tu p in the diagonal line ap.* Hence the 
Ship’s true Distance will be the third Side of a Triangie, whereof the 
other Sides are the Distance by the Log and the drift of the Current, 
and the true Course will be the Angle between that third Side and 
the Meridian. | 


EXAMPLE I. 


A Ship sails N. W. 60 miles, in a Current that sets S.S. W. 
25 miles in the same time: required her Course and Distance made 
good. 


BY CONSTRUCTION. 


Having drawn the Compass, 
set off 4 points from the North 
towards the West, and draw the 
N. W. line as, which make 
equal to 60 miles, the Distance 
run by the Log; thro’ B draw 
Bc parallel to the S.S.W. and 
N.N.E. line, and equal to 
25 miles, the set and drift of 
the Current; now ac being 
joined, will be the true Distance, 
measuring 55.48 miles, and the 
Angle nac the true Course 
N. 69°36 W. 


BY CALCULATION. 


In the Triangle asc are given the Side as 60, the Side se 25,) | 
and the included Angle anc 6 points, or 67° 30’, to find the Angle 
Bac and the Side ac. 


To find the Angle BAC. 


Side AB 60 | As the Sum of AB, Bc « 85 1.92942 

Side Bc 25 Is to their difference ; 35 1.54407 
So is Tang. half Sum of ’ 

Sum 85 Angles Aandc i 56° 15 A a aarty 

Diff . 35 —_———. 

' 180° 00’ 11.71918 

Angle B 67 30 1.92942 


SumofAng A&c 112 30 To Tang. of half the diff. 3139 9.78976 
Haif » 86 15 —_——— 
Diff. gives Angle BAc 24 36 
Angle NAB F 45 0 


Sum gives the Ang.NaG 69 36 
Re 


= 
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To find the Side ac. 


As Sine of Angle Aa 24° 36’ 9.61939 
Is to the Side BC 25m. 1.39794 
So is Sineof Angle B 67°30 9.96562 
11.86356 

9.61939 

To the Side ac 55.48 1.74417 


Hence the Course made good nac is N. 69°36 W. or W.N.W.3W. 
nearly, and the Distance ac 55 miles and a half. 


But the most usual and the easiest way of allowing for the effects 
of a Current, is to consider the setting and drift as a Course and 
Distance, and enter it accordingly in a Traverse Table; then the 
whole difference of Latitude and Departure wHl give the true 
Course and Distance. By this method the preceding Example is 
thus worked: 


Diff. of Lat. Departure. 
Courses. Dist. ——_—_——— 
N. W. 60 
8.S.W. 23 
(Current.) 
Diff. of Lat. 


The difference of Latitude ap 19.3, and the Departure cp 52, 
give the Course pac, N.69°38' W. and the Distance ac 53.46, by 
Case VL in Plane Sailing 


EXAMPLE IL 


Suppose a Ship in 24 hours sails as follows: S. W. 40 miles, 
W.S. W. 27 miles, and S.b. E. 47 miles, being all that time in a 
Current setting S. E.b.S. at the rate of 1} mile per hour: required 
her direct Course and Distance made good. 
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BY CONSTRUCTION. 


Draw the Compass, and lay off the 
several Courses and Distances as in 
Traverse Sailing; then will p repre- 
sent the place of the Ship by the Log: 
from p draw pc parallel to the S. E. b. S. 
kne, and equal to 36 miles, for the 
setting and drift of the Current in 24 
hours; then will c be the Ship’s true 
place, the Angle pac the true Course 
measuring 11° 50’, ac the Distance 
117, as the difference of Latitude 
114.6, and sc the Departure 24 
miles, 


> ' 4 
BY CALCULATION. aoe e 


With the several Courses and Distances by the Log, the diree 
Course pas and Distance ap may be found; then, in the Triangle 
apc will be given the Angle apc and the Sides ab, vc, to find the 
Angle pac, whicb subtracted from pas wil! give the true Course sac, 
and the Side ac the true Distance. But the solution of this Triangle 
we shall leave to the learner, and work the question by allowing for the 
set and drift of the Current in the Traverse Table. 


Diff. «f Lat. Departure. 
Courses, te S. 


ON ee ee ee eee 


Ss. W. 28-3 
W. S. W. 10.3 


S. b. E. 46-1 
S. E. b. S. 29-9 
(Current) 


ee SE ee 


Diff. Lat.| 114-6 


The difference of Latitude an 114.6, and the Departure pc 24.0, 
give the true Course cas S. 11° 50’ W. or S. b. W. and the Distance 
ac 117.1 miles, by Case VL. in Plane Sailing. 

Many more Examples might be added, but these are all that are 
nevessary to be understood by the practical Seaman. 


NES, 
res 
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DESCRIPTION ann USEorCHARTS. 


ml 


Cuarts are Marine Maps, representing the whole or part of the 
surface of the Water and adjoining Coasts, and exhibiting Isles, Rocks, 
Shoals, Banks, Depths of Water, Rhumb-lines, and whatever other 
particulars may serve to direct the Mariner on his voyage, or point out 
the dangers to be avoided: they are principally of two kinds, Plane 


and Mercator’s. 


OF PLANE CHARTS. 


_ A Plane Chart is constructed on the supposition that the surface 
of the Earth is an extended plane, the meridians all parallel strait 
lines, and the parallels of Latitude at equai distances, and consequently 
that the length of the degrees of Latitude and Longitude are every 
where equal. But as the Earth is spherical, and the meridians meet 
at the poles, it is evident that Charts constructed on this principle 
must be erroneous; for in them the differenee of Longitude, or dis- 


_. tance between two meridians at the Equator is considered as the 


- meridian Distance in all Latitudes; hence, the position of places laid © 
down on these Charts, according to their Latitudes and Longitudes, 


- will vary more or less from the truth, both in bearing and distance; 


however, where the Chart extends but a few degrees on either side of 
the Equator, the error will be trifling, because near the Equator the 
meridians are nearly parallel to each other; or if it begins at any con- 
siderable distance from the Equator and extends only a few degrees of 
Latitude, the error may, in a great measure, be obviated by making the 
length of the degree of Longitude equal to the Co. Sine of the mean 
Latitude, one degree, or 60 miles, being Radius. These Charts, from 
their erroneous principles being of little or no use in the practice of 
Navigation, have been totally rejected since the introduction of 
Mercator’s Projection. | 

There is however another kind of Plane Charts, called Coastine 
Cuarrs, which are constructed on the assumption that small portions 
of the Earth’s surface are planes; in these neither Latitude or Longi- 
tude are, in general, taken into consideration; they are usually drawn 
on a large scale, for the direction of Mariners when near the land, and 
will not deviate much from the truth either in bearing or distance, 
when they do not comprehend any great extent of coast. 

In these Charts places are laid down according to their bearing and 


distance from each other; the configuration of the coast, and other 


particulars, are taken from the best surveys, or such information as 
can be most depended upon. ei igh 


a 
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OF MERCATOR’S GHARTS. 


Mercator’s Charts are constructed on the supposition that the 
Earth is spherical. In these Charts the meridians and parallels are 
strait lines at right Angles to each other, but the distance between the 
parallels are increased towards the Poles in order to compensate for 
the expansion of the meridian Distances, by which indeed those 
countries situated far from the Equator become distorted, or con- 
siderably enlarged beyond their proper size, with respect to those 
nearer the Equator; notwithstanding which the bearings and distances 
of places may be easily and accurately found by these Charts. 

The following is the method of constructing a Chart on Mercator’s 
Projection, 

Having first determined the limits of the proposed Chart, that is, 
the number of degrees and minutes it is to contain both of Latitude 
and Longitude, and the degree of each it is to commence from, take 
out the meridional parts from Table ITI. corresponding to each degree 
of Latitude within the intended limits, and find the difference between - 
the meridional parts of each succeeding Latitude; but if the scale of 
the Chart is small, the meridional parts, with their differences to every 
fifth or tenth degree, may be taken. Reduce the difference of the 
meridional parts into degrees by dividing them by 60. Draw a line 
near one of the margins of the paper to represent the parallel of the 
least Latitude, on which lay off the proposed number of degrees of: 
_ Longitude, taken from a scale of equal parts, and number them at. 
every fifth or tenth degree; from each end of this paral el “draw 
perpendicular lines fur the extreme meridiaus, and make them equal ~ 
to the difference of the meridional parts of the extreme’ Latitudes, 
taken from the scale of Longitude or graduated parallel; jom the 
ends of these meridians by astrait line, which will represent the other 
extreme parallel, and is to be «divided in the same manner as the 
first parallel. 

Take the meridional difference of Latitude between the least Lati- 
tude and the next fifth or tenth degree of Latitude, from the divided 
parallel, and lay it off froin the first parallel on each of the extreme 
meridians. In like manner the meridional difference of Latitude 
between each successive five or ten degrees is to be taken from the 
graduated parallel and laid off and numbered on the meridians: but 
if the Chart is drawn on a large scale the meridional differences of 
Latitude between each degree is to be laid off. ‘The spaces are then 
to be subdivided into degrees or miles. 

Through each fifth or teuth degree of Latitude and Longitude 
draw meridians and parallels, or through each degree, if the scale will 
permit without crowding the Chart with a multiplicity of lines. 

TLe principal points in the Charts are now to be laid down accord- 
ing to their respective Latitudes and Longitudes, and connected either 
by observations made on the coast, agreeable to the directions given 
for surveying coasts and harbours, or from the best Charts. 


i 
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One or more Compasses are to be inserted in the. most convenient 
parts of the. Chart, and the Rhumb-lines extended to the coast ; the 
variation of the Compass i is to be set down in places where it is "well 
ascertained ; currents are to be denoted by darts; the best anchorages, 


_ soundings, times of high water, &c. are all to be marked in their 


proper places. For further particulars see Maritime Surveying. 

In order to illustrate the above Rules let us take an example: 
Suppose, for instance, it is required to draw a Chart extending from 
2 degrees of East Longitude to 30degrees of West Longraee: and from 
10. deo rees to 57 degrees of North Latitude. (See: Plate IV.) 

Having drawn the bottom marginal line to represent the parallel of 
10 degrees, divide it into 32 equal parts, the number of degrees of 
Longitude the Chart is to contain; and at each end erect a perpen- 
dicular line. 

Take out the meridional parts corresponding to every fifth degree, 
and set them down with their differences in the following order: 


Latitudes. Merid. Parts. Differences. 

— 60 

oh aa ee SOT ROME! HH 
Sige = Me eg 
peal 1Sso0 — ail 
8 1388 eR 338. = 5 38 
= 2%44 at 356 = ; 56 : 
hod 2623 op’ 379 = 19 
—e 3030 ae 407 = 6 47 
oes.) 444s RM 
eames 4183 pan 215 —_ Ke 


first difference 5° 7’ in the Compasses from the 


e divided ‘pafallel, and lay it off on both meridians from 10° to 15°; 
from 15° to 20° lay off the next difference 5° 15’, taken from the. 


_ same parallel, and so proceed to the Latitude 57°; through each of 


Neds these corresponding points draw lines to represent the respective 


Parallels of Latitude, and subdivide the extreme meridians into 


egrees. Divide the parallel of 57°in the same manner as that of 10°, 


and draw meridian lines through every fifth degree, numbering them 


as on the Chart. 
_ The principal points are to be laid down agreeable to their Latitudes 
and Longitudes, through. which the coast is to be drawn; and the 


" various par ticulars are to be inserted, as Rocks, Shoals, Islahds, a 


Compass, &c. whe will be best understood by inspecting ‘the Chart, 


USE OF MERCATOR’S CHART. ‘ 
To find the Latitude and Longitude of a place on the Chart. 


With a pair of Compasses take the least distance between the 
given place and the nearest parallel of Latitude; apply that Dis- 
tance, the same way, on one of the graduated meridians, one foot of 
the Compasses being fixed at that point where the parallel cuts the 
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graduated meridian, and the other will shew the Latitude of the 
lace. 

x The least distance between the given place and one of the nearest 

meridians being applied in the same manner to either of the gra- 

duated parallels, will point out the Longitude of the place. 

For Example: The least distance between Cape St. Vincent and 
the parallel of 35° on the Chart being taken and applied to one of 
the graduated meridians from the same parallel upwards, will give its 
Latitude about 37 degrees N.; and the least distance between the 
same Cape and the meridian of 10°, being applied to either graduated 
parallel, towards the right from that meridian will give tts Longi- 
tude 9° West. 


To lay down upon the Churt any Place whose Latitude and Longitude 
are gwen. 


Lay the edge of a Scale over the given Latitude, and with a 
pair of Compasses take from one of the divided parallels the distance 
between the given Longitude and the nearest meridian line; this 
being applied along the edge of the Scale, from that point where the 
Scale intersects the meridian line, the same way that the Longitude 
lies, will point out the place required. 

Example. Suppose a Ship is in Latitude 52° 80'N. and Longi- 
tude 23° W.: required its situation on the Chart. 

Lay the edge of the Scale over Latitude 52°30 N., and take from 
one of the divided parallels the Distance between the meridian of 20° 
and the Longitude 23°; this being laid off along the edge of the 
Scale, towards the lett, from the meridian of 20°, wiil give the Ship’s 
place at a. 

In this manner a Ship’s track is usually pricked off at Sea, her 
Latitude and Longitude being laid down every day at noon; and the 
Ship’s places connected by pencil lines drawn between them. vege. 
Ue 


To find the Course or Bearing between two Places on the Chart. 


Lay the edge of a Scale over the given places, and take the least 
_ Distance between the center of one of the Compasses drawn on 

the Chart, and the edge of the Scale; move this excent along so that 
one Point of the Compass may touch the edge of the Scale, while the 
other is to be kept in a perpendicular position to it, with respect te 
the edge of the Scale; then that other point will generate an imagi- 
nary line passing through the center ef the Compass on the Chart, 
which will shew the course or bearing. 


‘ei 


To find the Distance between any two Places on the Chart. 


1. If the given places lay under the same meridian, find their Lati- 
tudes on the Chart, and the difterence or sum of these, according as 
: S 
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jf 


the places lay on the same or on different sides of the Equator, will 
give the Distance. 

2. If the given places lay in the same parallel of Latitude, take 
half the distance between them, and placing one foot of the Compasses 
in the graduated meridian on their Latitude, observe what Latitudes 
the other foot points to both above and below; the difference 
between these will be their Distance. 

3. But if the given places differ both in Latitude and Longitude, 
take the Distance between them, and apply it to either of the gra- 
duated meridians, so that one foot of the Compasses may be as much 
above one place as the other is below the other place; then the 
degrees or minutes contained between the points of the Compasses, 
will be the Distance required, which may be reduced to miles or 
leagues. 

But if the places lay nearly in a parallel, and their distance is 
considerable, it will conduce to accuracy if the middle Latitude 
between the two places be found; then half their Distance being 
applied alternately above and below the middle Latitude, will give 
the Distance: 

Or, a degree may be taken near the middle parallel, and the number 
of these degrees and parts contained between the two places being 
measured along the edge of the Scale, will give the Distance. 

The Distance may also be found in the following manner: Find 
the difference of Latitude between the given places, and take it 
from the Equator, or one of the graduated parallels; then lay the 
edge of a Scale over the given places, and move or slide one point 
of the Compasses along the edge of the Scale, (keeping both points 
parallel to the meridians) until the other pomt just touches a paralle.. 
Now, the distance between the place where the point of the Com- 
passes rested, and the point of intersection of the edge of the scale 
and parallel, being applied to the equator, or one of the graduated 
parallels, will give the Distance in degrees and parts, which may be 
reduced to miles. 

Example. Required the Course and Distance from Cape St. Vincent 
to the East end of the Island of Madeira. 

Lay the edge of a Scale over the two places, and take the least 
Distance between it and the center of the Compass, then sliding one 
point along the edge of the Scale, the other will shew the Course to 
be 8S. W.b.W. nearly: the extent between the two places being taken 
with the Compasses, and applied to one of the graduated meridians, 
wil reach from 31° to about 38°40’, being an interval of 7°40’, 
hence the Distance is 460 miles. 

Or, take the difference of Latitude between the two places, which 
is 4°18, from either of the graduated: parallels, and laying the edge 
of the Scale over the two places, move one point of the Compasses 
along it until the other just touches a parallel, as that of 35°, then 
the extent between the place where the foot of the Compasses 
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rested, and the point where the Scale cuts the parallel of 35°, being 
applied to the graduated parallel, will give the Distance 7° 40, oy 
460 miles, as before. : 2 


The Course steered and Distance run from any given Place being known, 
to find the Ship’s Place on the Chart. 


Lay the edge of the Scale over the given place in the direction of 
the Ship’s Course; then take the Distance run from that part of one 
of the graduated meridians opposite the given place and the supposed 
place of the Ship, which lay off from the given place along the edge 
of the Scale, and it will shew the place of the Ship. Or, placing the 
Scale as before directed, take the given Distance from one of the 
graduated parallels; put one foot of the Compasses in that point of a 
parallel that is cut by the edge of the Scale, and the other foot will 
reach to a certain place along the edge of the Scale: now this foot 
remaining in the same position, draw in the other point of the Com- 
passes until it just touch the above parallel, without crossing it; 
apply this extent to the graduated parallel, and it wiil give the differ- 
ence of Latitude: hence the Latitude in will be known, through 
which a parallel being drawn, that point where it intersects the edge 
of the Scale will be the Ship’s place. 7 

Example. Suppose a Ship sails N. W. b. N. 400 miles from 
Cape Blanco; required her place on the Chart. 

By either of the above methods the Ship’s place will be found at B, 
mn Latitude 26° 28' N. and in Longitude 21° 13’ W. 


MARITIME SURVEYING. 


Norwirustanpine the great importance of accurate Surveys’ 
of the various Coasts and Harbours that are frequented by Mariners, 
it must be confessed that the manner of executing this branch of 
the Nautical Art has been but little attended to, and that the 
opportunities which so frequently occur to Seamen of adding to our 
present stock of geographical knowledge, are almost entirely neg- 
lected, or at least such incorrect observations made as can be of little 
- service to the attainment of truth. We therefore think it proper, 
before we proceed to the Astronomical part of the Work, to lav 
down a few general directions, illustrated by proper examples, 
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shewing how a Coast or Harbour may be eastly surveyed, with such 
instruments as are commonly used at sea; and we shall at the same 
time explain the method of delineating the observations on paper. 


To swrvey a Bay or Harbour. 


Take a general view of the place, by walking or sailing round it; 
during this time make.a rough Sketch of the Coast, carefully drawing 
the various projections and bendings, and noting whatever is remark- 
able; on the principal points and curves place Station-Staves, or strait 
poles, high enough to be seen at a considerable distance, and to render 
these more conspicuous, fasten a piece of white bunting to the top of 
them ; if there bea tree, house, or other remarkable object at any of 
these places, it may serve instead of a Station-staf ; these are all te 
be marked down on the eye-sketch, either with letters or numbers, in 
order to distinguish them. 

Proceed now to determine the position of the stations by observa- 
tions made either on shore or on the water; in the former case find 
a level spot of ground near the shore whereon a base line may be 
measured, which base line must be so situated that the whole, or the 
most part of the Stations, or remarkable objects, may be seen from 
both the extremities, and its length and direction, if possible, such 
that the Angle contained between it and any of the Station-staves 
taken from one end, may differ at least ten degrees from the same 
taken from the other end thereof; then set up two Station-staves, 
the further these are from each other, in general, the better; carefully 
measure their distance either by a chain, a measuring pole, or a piece 
of log-line divided into feet, and observe their bearing as accurately as 
possible by an Azimuth Compass. 

If a base line of sufficient length cannot be taken in one right line, 
two adjoining lines and their included Angle may be measured, and 
the distance between their extremes found either by construction or 
computation, which may be considered as a base; the bearing of this 
line may be ascertained from that of one of the measured lines and 
the adjacent Angle. 

When the survey cannot be taken on shure, (which, however, is 
always to be preferred on account of the superior accuracy with 
which the observations can be made,) a base-line may be laid dewn 
on the water, by mooring two buoys in the most convenient situations, 
and measuring, as accurately as possible, their bearing and distance 
from each other. 

Having fixed upon a base-line, from each extremity, observe the 
bearing of the several remarked objects, and note them down in their 
proper order; or rather, with a quadrant or sextant observe the 
Angles formed between the base-line and lines drawn from each end 
to the several stations. If any of the Angles exceed the limits of the 
instrument, it may be measured at twice, by taken the angular 
distance of some intermediate object from each extreme object. 
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These Bearings or Angles are all to be entered on paper as they 
are taken, and distinguished by the letters marked on the rough 
Sketch. 

If any of the objects are not visible from both or either end of 
the base-line, their positions must be ascertained by Angles taken 
from stations whose situations are already known; sometimes it will 
be necessary to measure out a new base, which is to be connected, 
if possible, with the first base, either by Angles taken from both ex- 
tremities of the first base, or from one extremity and a Station-staff, 
or from two Station-staves whose positions have been previously 
determined. 

When the survey is made by base-lines on the water, if all the 
principal points cannot be seen from two stations, moor as many 
buoys as are necessary, and observe their bearings and distances 
from each other, which set down in the manner of a Traverse; 
Bearings or Angles being then taken from any two of them whose 
situations have been determined, will give the positions of the places 
required. 

Having proceeded so far on the survey, it will be proper to lay 
down the observations on paper; for which purpose describe a Circle 
with the Chord of 60°, and through its centre draw the magnetic north 
and south line: on this Circle lay off the bearing of the base, and 
draw a line parallel to it on a convenient part of the paper, to repre- 
sent the position and length of the base; from each end of the base 
draw lines parallel to the respective observed bearings, previously laid 
down on the Circle; or if Angles between the base-line and the stations 
be observed, a Circle is to be drawn at each end of the base on which 
they are to be laid off, then the intersection of each pair of correspond- 
ing lines will give the position of the stations, between each of which 
the configuration of the Coast is to be drawn from the Sketches already 
made. . 

Now sail about the Harbour at low water, and take the soundings 
or depths of the sea, observing whether the ground be rocky, 
sandy, shelly, &c.; at the place where each sounding is taken, 
observe the bearings of two remarkable objects whose positions had 
been previously determined; hence its situation may be accurately 
laid down on the Chart, where the depth of water 1s to be denoted 
by small numeral figures. In like manner determine the situation 
of rocks, shoals, anchoring-places, &c. that may be in or near the 
Harbour, and mark them down accordingly. Observe the set and 
velocity of the tide of flood, by heaving the log while at anchor, 
and denote the same on the Chart by smail darts. The time of 
high water, at new and full moon, is to be inserted in roman numerai 
letters; rocks are to be denoted by small crosses; sands by dotted . 
shading; good anchoring places by a small anchor, and stopping 
places by a small anchor without a stock. Whilst going on with 
the necessary operations on the water, take particular care, on 
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coming near the shore, to correct the outline of the Chart, by observing 
_ the inflection, creeks, &c. more minutely, 

In a small sailing vessel go out to sea, and take drawings of the 
appearance of the land, with its bearings. Sail into the Harbour, 
observe the appearance of its entrance, and particularly whether 
there be any false resemblance of an entrance by which Ships mzy be 
deceived into danger. Remark the signs or objects, by attending to 
which, the Harbour may be entered with safety; more especially, 
where it can be done, let the Ship steer to the anchoring place, keeping 
two remarkable objects in one, or ina line. These leading marks are 
to be inserted on the draft by drawing fine double lines through the 
objects. 

The necessary observations being all laid down on the Chart, shade 
the Coast on the land side with Indian-ink, and draw houses, churches, 
trees, &c. in their proper places; the Coast should be shaded so as to 
exhibit, as nearly as possible, its natural appearance, particularly 
shewing whether it is high, low, sandy, rocky, bad shore, &c. Ina 
convenient place insert a Mariner’s Compass, by which the situation 
of the Rhumbs will be shewn; this may be drawn either according to 
the magnetic or true north, as may be thought proper; the variation 
is to be marked by placing a small fleur de lis at the north point 
from which the Compass is not drawn. The name of the place, on 
what Coast or Country, the Latitude and Longitude, and whatever 
else may be thought necessary, are to be ascertained and inserted in 
the Chart. 


To survey @ Coast while sailing along it. 


When the Ship has arrived at a convenient situation, from whence 
there is a tolerably extensive view of the Coast, there cast anchor, or 
ly-to as steady as possible; then, while the Vessel is in this stationary ~ 
position, observe, with an Azimuth Compass, the bearings of the 
most material projections and hollows, and whatever objects are 
remarkable on the Coast; or rather, take the bearmg of one of the 
‘most conspicuous points, and observe, with a quadrant or sextant, the 
angular distances contained between it and the other remarkable 
objects; write these down on paper, and make arough Sketch of the 
Coast, on which mark the observed points, &c. with letters for the 
sake of reference. 

Then let the Ship run in a direct line upon.a known Course, 
measuring the distance with all imaginable care by a Log, or other- 
wise; during which time take soundings, and draw a more correct 
Sketch of the Coast, with appearances of land, &c.: when she has 
at length attained a proper situation frem whence the same points 
and objects before observed may be still seen, ly-to as at the first 
station, and again observe the Bearings or Angles of the former 
objects, and likewise of others in the continuation of the Coast, 
which note down as before; in this manner proceed from station to 
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station, until the survey is extended as far as may be thought 
proper. 

The observations are to be laid down on paper, by drawing the. 
Ship’s Courses and Distances between the stations in the manner of a 
Traveise, and setting off the Bearings and Angles observed at each 
station; then the intersection of the corresponding lines will give the 
position of the several observed points and objects, through which the 
configuration of the Coast is to be drawn from the Sketches made 
while sailing along it. 


- To reduce a Draught to any Scale required. 


Surveys being usually drawn upon a large scale for the sake of ac- 
curacy, it frequently becomes necessary to reduce them to a smailer 
when they are used in the construction of Charts, in order to adapt 
them to that particular scale on which the other parts of the Chart are 
drawn; this may be performed several ways, but the following is the 
easiest, and the most convenient in practice. 

Divide the whole, or that part of the Draught to be copied, into 
small squares, by setting off any convenient number of equal divisions 
on the marginal lines, and through these drawing lines across the 
Draught with a black-lead pencil; im like manner divide that part of 
the paper on which the copy is to be taken, into the same number of 
squares. If the divisions round the margins are numbered alike on 
both Draughts, or if every fourth or fifth line be drawn somewhat 
stronger than the rest, the corresponding squares will be more readily 
discovered. “With a pencil draw in such lines, curves, and other par= 
ticulars on the copy as are found in the corresponding squares of the 
former Draught: when the whole is thus correctly copied, draw the 
lines, &c. over with a pen dipped in Indian-ink dissolved in water, and 
when dry rub out the pencil lines with Indian-rubber, or crumbs of 
stale bread. . 

‘We shall now proceed to elucidate what has been said on survey- 
_ ing, by the three following Examples, each of which exhibit a different 
method of conducting the operation. 


EXAMPLE I. 


Let it be required to survey the Harbour, No. 1, Plate V. by 
observations made on the water. 

Having sailed round the Harbour, and fixed upon the several stations 
on the Coast, let the two buoys, a and s, be moored so that ail the 
points or stations may be seen from both, whose bearing, from a to z, 
as observed by an Azimuth Compass, suppose to be N. 46° E.. and their 
distance measured by a log, one mile*; then having taken the beat to 
the stations a and 8, suppose the following bearings to have been taken. 


* In a case like this where it is necessary to make the observations on the water, as 
it will be difficult to measure accurately the distance between the buoys, the same may 
be ascertained between any two ef the stations on shore, which will furnish a scale for the 
plan, and the Bearings o1 Angles being taken from the buoys will shew the relative 
position ef the stations, 
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j TSU gttiy Soy.) ae aS eas 
From Station A. . From Station B. 
AC va Nw woe? Ey BC oh 121° 
AD 5 N. 72 E. BD * sot * pom 99 
AE @ Sak NEet6gt BE = N. 43 
AF = N. 29 E. BE =tu_ Ne tae 
AGS \ sote N. Tr E. BG “=...N. 36 
hs a > 33 W. BH. = 74 
Al = Ns “3I9 W. BI = ey 122 


The above bearings being observed, proceed to draw the plan as 


- follows: in a convenient part of the paper describe a Circle, with the 


Chord of 60°, and through the center draw a line to represent the 


_ magnetic meridian, or north and south line; on this Circle lay off the 


bearings as above, and through a and e draw lines parallel to them; 


then the intersection of these lines will give the position of the points 


cpercut, through which draw the configuration of the Coast, aceord- 
ing to the Sketch previously made, and insert the isles, rocks, shoals, 
and sand-banks, that lay within or near the Harbour, with the marks 
to avoid them, the proper places for anchoring, the depth of water in 
various parts, the variation of the Compass, and whatever other par- 
ticulars may appear worthy of notice. 


EXAMPLE Il. 

Wanting to survey a Coast whilst sailing along it: I ran from a tos, 
(No. 2, Plate V.,) W.S.W..6 miles; from B to c, West 4 miles; and 
from c to p' N.N.W. § W. 34 miles; taking the following Bearings 
and Angles at each station: 


: 1. From Station A. 3 From Station C. 
The Bearing of AG = Na 51°.0'W. . The Bearing of CK = N. 46° o' E. 
The Angle GAE = 58 40 The Angle Ce 13 16 
ao GAF c= 25 0 : ROD i= 36 30 
a GAH = 2% £0 eee KCM« = 44.0 
> —-- Nes, 55 45 
_———— KCO = 33 20 
2. From Station B. 
The Bearingof BK = N. 33° o' W. 
The Angle KBL: = 17 40. 4. From Station D. 
—_ KBI = GB BS The Bearing of DN. = N. 20° of E, 
pe KBH = 56 0 The Angle NDO = 67 50 
— KBG = 60 © oe Oe NDM = 22 § 
ah KBE. = 69 40 eo 
_-— KBE += 80 3 


To delineate these observations on paper, first draw a Compass 
in a copvenient part, and fix upon a pint, as a, for the first 


station; through which draw the line ab parallel to the W.S. W. 


Rhumb-line, and equal to 6 miles, the distance run on that Rhumb; 
then will » be the second station: proceed in like manner with the 
second and third Courses, by which you will obtam the third and 
fourth stations c and py. Through a draw the liné ac parallel to 
N. 51° W., laid off on the Compass, and make the Angles car, 
GAF, GAH, according to the above observations; in the same man- 
ner the Bearings and Angles are te be laid down from the other 
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stations; then the mtersecting lines will give the pomts era, &c: 
through which the Coast is to bé drawn agreeable to the Sketches made 
at the time of passing along it. The Scale of miles is to be laid down 
frém the same equal parts that the distance run were measured by. 


EXAMPLE III. 


Let it be required to take an accurate survey, and from thence to 
make a Chart, of the Harbour and adjacent Island, No.3, Plate V. 
Sail round the Coasts to be surveyed, and fix Station-staves on the 
principal points where there are no remarkable objects to distinguish 
them: at the same time take a rough Sketch of the Harbour, on which 
denote the situation of the objects and stations by the letters a, }, c, &c. ; 
it will likewise be advisable to take a more particular. Sketch of the 
Coasts between each station on a separate piece of paper; seek for a 
proper place near the shore, on which-a base-line may be measured ; 
and, since there is no part of the Coast which commands a view of all 
the stations, it will be necessary to measure out two base-lines; accord- 
ingly the base-line ax is fixed upon, the ground being there level, and 
a considerable number of the Station-staves visible from each extremity ; . 
its length, as measured by a chain, is 800 fathoms, and its bearing from 
a ton, N. 48° E. From each end measure the Angles contained 
between the base-line and the several stations within sight, which are 
as follow: 


ot 
From Station A. From Station B. 

The Angle BAb = 23° 335’ The Angle ABa c= 18° 40 
BAe. == 52° 19 ABe = 38 fe) 
—-— BAd = 82 ° —— ABC = 50 15 
—— BAC = 94 Oo —-—— AKD = 66 0 
wee CAG = 25 13 —— ABd = 69 36 
CA a —_ 47 30 ——d Be = 36 25 
: ——dBb = 61 to 


It will now be necessary to fix upon a place whereon another base- 
line may be measured, from whence the remaining stations may be 
seen ; the most convenient spot is between p and £ ; let pe therefore 
be the second. base-line, its length being 660 fathoms, and bearing 
from p to 5, N. 72° W.; but as its southern extremity p can be seen 
only from one end of the first base, the Angle d cp is to be observed 
_from c in order to ascertain the position of the second base with regard 
to the first; this Angle is found to be 44° 0'; now measure the Angles. . 
formed by lines drawn from each end of this base to the Station-staves, 
or other objects, which are as follow: | 


c= 


From Station D. — From Station E. 
Th: Angle EDk = 23° 19° The Angle DEg == 22° 28’ 
—— EDf = 59 42 —— DE —<74 re) 
—— fDg = a PRO st @ 
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Having taken all the necessary Bearings and Angles on shore, Jay 
them down upon paper agreeable to the preceding directions; hence 
the relative. position of the points a, a, B, 6, c, d, D, E, c, €, f, g, andk, 
will be obtained; which are tu be connected by drawing the configura- 
tion of the Coast from the Sketches made whilst sailing round the 
Harbour and Island. The Chart being thus far delineated, proceed to 
make the requisite observations on the water. In sounding for the 
depths of water, a shoal is discovered in one of the entrances; now its 
extremes z h, are to be ascertained by their bearings from the stations 
pand £; the bearing of 2 & is N. 40° E. and of z p, N. 72° E.; also 
the bearing of h £ is N. 40° W. and of A vp, N. 10° E.; to lay these 
down on the Chart, through s and p draw lines parallel to the above 
bearings, which are to be previously laid off on the Compass; these 
will meet at zand A, and determine the extremities of the Shoal; in 
the same way the position of the soundings, anchoring places, rocks, &c. 


. are to be ascertained and laid down. 


The above bearings being all magnetic, and it being thought proper 
to draw a Compass according to the true meridian, the variation, which 
is 26° easterly, is to be laid off to the left of the magnetic north; hence 
the direction of the true meridian and the other Rhumb-lines will be 
obtained. 

The Scale shews the length of a geographical mile, containing 
1018 fathoms; therefore take 1018 from the same scale of equal parts 
that was used in laying down the base-lines; or, make the transverse 
distance of 400 on the Sector, equal to the length of the base an; 
_ then the transverse distance of 509 will be the length of one mile. 
(See Use of Sector, page 34.) 

The following methods of ascertaining the heights and distances of 
remote objects being frequently useful, particularly in the practice of 
surveying, we think it proper to introduce them before we dismiss the 
present subject. 


To find the height of an accessible object. 


Measure the horizontal distance between the eye and the object, g 
the point immediately under it, and observe the angle of elevation with 
a quadrant; thus will be obtained the base and angle of a right-angled 
triangle, the perpendicular of which being found, will be the height of 
the object above the horizontal plane, to which add the height of 
the eye. 

Or. by removing either towards or from the object until the angle 
of elevation be 45°, the horizontal distance added to the height of the 
eye will give the height of the object. 


EXAMPLE. 


From the bottom of a tower I measured 200 feet on a horizenta. 
plane; I then took the angle of elevation and found it 46° 30’, the 
height of my eye being 6 feet: required the height of the tower. 


MARITIME SURVBYING. 139 


In the triangle aBc are given 
the side an 200 feet, and the angle 
Bac 46° 30’, to find the perpendi- 
cular Bc. : 


As Radius : ; 10.00000 
Is to the distance AB or DE 200 2.30103 
So is tang. angle BAC 46° 30’ 10.02275 
To the perpendicular Bc 210.7 2.32378 
Height of the eye AD or BE 6 

Height of the tower cE . 216.7 feet. 


If the height of the object be known, and the angle of elevation 
observed, the horizontal distance of the eye may be found, for in this 
case there will be given the perpendicular and angles of a right-angled 
triangle to find the base or distance required. 


To find the height of an inaccessible olject. 


Measure the angle of elevation at a convenient distance from the 
_given object; then remove in a direct line from the object, and again 
observe the angle of elevation, the distance between the stations being 
carefully measured; hence will be given one side and the angles of an 
oblique-angled triangle, with which find the less of the other sides. 
Now that side will be the hypothenuse of a right-angled triangle, the 
perpendicular of which being found, and the height of the eye added 
to it, their sum will be the height of the object. 


| EXAMPLE. 

Wanting to know the height of a light-house’ above the level of the 
sea, and not being able to measure its horizontal distance, I took the 
angle of elevation and found it to be 31° 45’ and after removing from it 
120 fathoms I observed the: angle of elevation to be 21° 20’: required 
the height of the light-house. A 

In the triangle apc are A 
given the angle acB 21° 20’; 
the angle cas 10° 25°; and 
the side csp 120 fathoms, to 
find the side Ba. 


C 120 fathoms B ~ 7 


AN 
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Angie AcB 2° 20" AsSine Angts GAB 10°25) =. 9.25722 » 

Angle apc §=6148 15 Is to the SidecR 120 r 2 07918 
—--~-— So is Sine Angle AcB 21 20... 9.56085 
169 35 —_—_—— 
180 «(0 11.64003 
—_—- 9.25721 


Angle CAB 10 26 2 ae 
To the Side AB 241.4 ‘ 2.38283 

In the right-angled triangle anp are given the angle app 31° 45, 
and the hypothenuse ax 241.4, to find the perpendicular ap. 


As Radius 5 10.00000 
Is to the Hypothenuse AB 241.4 : 2.38274 
So is Sine of Angle ABD 31° 45” ; 9.72116 
To the Perpendicular AD 127 : 2.10390 


Hence the height of the light-house is 127 fathoms, or 762 feet above 
the level of the sea. 

In this example the height of the eye is neglected, for supposing the 
observations to have been made in a boat, the eye would nearly coin- 
cide with the surface of the water, and hence the omission would lead 
to no material error. 

Shorter methods might have been given for solving the above, 2B. 


as the present is worked directly by the rules of Trigonometry, it is — 


more likely to be retained in the memory. 


To find the distance of objects at sea by means of the curvature of the 
earth. 

To the logarithm of the diameter of the earth increased by the 

height cf the eye, add the logarithm of that height, and half the sum 


will be the logarithm of the distance of the visible horizon in feet ;, 


from which subtract the constant logarithm 3.783904 and the remain- 
der will be the distance in nautical miles, to which add a tenth part 
of the distance on account of terrestrial refraction, 


EXAMPLE, 
At what distance is the visible horizon from a person whose eye 18 
elevated 120 feet above the surface of the water? 
Diameter of the earth in feet 41804400 
Height of the eve : 120 Log. 2.079181 


os 


41804520 Log. 7.621223 


: : 9.700404 

Distance in feet ae 10827.5 Log. 4.850202 

Constant Log. 3.783904 

Distance m nautical miles . 11.65 - Log. 1.066298 
Add one tenth part . 1.16 


Distance corrected for refrac. 12.81 
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i When the height of a distant object appearing in the horizon is 
~ given, its distance from the.eye is found by adding together the dis 
tances answering to each height: see explanation to Table XX, 


- To find the distance of an object by observing the interval between the 


teen e 


flash and report of a gun. 


Multiply 1142 {the number of feet sound travels in a second) by 
the number of seconds in the above interval, and the product will be 
the distance in feet, which, divided by 6080, will give the distance © 
In nautical miles. 


EXAMPLE. 


He ship at sea was observed to fire a gun, and 24 seconds afterwards — 


~~ 


the report was heard: required the distance of the ship from the 


_ observer. 


ee et ey 


ee ee 


1142 multiplied by 24 gives 27408, the distance in feet, which, 
divided by 6080, gives 44 miles. 


\ 


\ 


\ ASTRONOMY 


AstrRoNOMY is a science which treats of the motions and 


distances of the heavenly bodies, and of the appearances thence 
arising. | 


- 


A great variety of opinions have, at different times, prevailed 
among philosophers of the preceding ages, concerning the erder and 
arrangement of the several parts of the universe, or of the posttions 
of those bodies which appear in the heavens. ‘The most eminent 
Astronomers of the present day suppose the universe composed of 
-an infinite number of systems or worlds; that in every system there 
are certain bodies moving in free space, and revolving at different 
distances around a Sun, placed in or near the center of the system, 
and that these Suns and other bodies are the Stars which are seen in 


the heavens. wee | 
~ The Srars are distinguished into two kinds, viz. fixed and 


- gandering. The fixed Stars are supposed to be Suns in the center 


of their systems, shining with their own light, and preserving always 
the saine situations with respect to each other: they are usually 
divided according to their apparent splendor, into different classes, 
called magnitudes; the brightest bemg denominated Stars of the 
first magnitude, the next to them in brightness, of the second 
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magnitude; and so on to those Stars that are scarcely visible to the 
naked eye, which are termed Stars of the sixth or seventh mag- 
nitude. 

In order to assist the memory, Astronomers have divided the 
heavens into parcels called constellations; these are a number of fixed 
Stars, lying contiguous, which are supposed to be circumscribed by 
the outline of some animal, or other imaginary figure. Stars which 
are not included within the constellations are called unformed Stars. 
The Stars in each constellation are generally distinguished by letters 
of the Greek alphabet, and some of the principal have proper names} 
thus the Star marked «, in the constellation of Taurus, is called 
Aldebaran. 

The wandering Stars are those bodies within our system which 
revolve round the Sun; they appear luminous by reflecting the light 
they receive from the Sun, and are of three kinds, namely, primary 
planets, secondary planets, and comets. 

PRIMARY PLANETs are those bodies which, in revolving round the 
Sun, respect him only as the center of their revolution; their motions 
are regularly performed in tracks or paths, called orBirs, which are 
nearly circular and concentric with each otner. 

A SECONDARY PLANET, Called also a SATELLITE OF MOON, 1S a 
body which, while it is carried round the Sun, also revolves round a 
primary planet, which it respects as its center. 

Comers are a kind of planets which move round the Sun in very 
eccentric orbits, and in various directions, having vast atmospheres 
about them, and tails of a hairy or nebulous appearance, especially 
when they are near the Sun. 


OF THE SOLAR SYSTEM. 


The sonar sysrem is that in which our earth is placed, and in 
which the Sun is supposed to be fixed near the center, with several 
podies similar to our earth revolving round him at different distances, 
This hypothesis, which is the only one that can explain all the phe- 
nomena of.the heavenly bodies, is said to have been first taught by 
Pythagoras, after whose time it remained many ages in oblivion, 
until it was revived, m the beginning or the sixteenth century, by 
Copernicus, and has since been fully established on the firm, basis of 
_ demonstration by the immortal Newton. | 

There are eleven primary planets in our system, accompanied by at 
least sixteen satellites. The names of the primary planets, with their 
characters, reckoned in order from the Sun ©, are as follow :— 
Mercury 3, Venus9, Farth@, Mars ¢, Vestad, Juno#, Ceres 2, 
Pallas$, Jupitery%x, Saturn h, and Herschel, or Georgium Sidus 
(See Plate VI. Fig. 1.) 

Mercury and Venus are called inferior planets, because their orbits . 
are within the Earth’s ; the others are cailed superior planets, as their 
orbits include that of the Earth. 
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The primary planets, accompanied by their satellites, revolve 
round the Sun from’ west to east, in various portions of time, which 
are called their periodic revolution, or annual motion; the plane of 
their orbits all pass through the center of the Sun, but are inclined 
more or less to that uf the Earth, crossing it in two points, called 
Nodes. — 

Although to an observer placed in the Sun the planets would 
appear to move in due order about him, from west to east; yet since 
the Earth is not in the center of the system, their apparent motions 
™m the heavens are very irregular; sometimes they appear to move 
from west to east, and then to stand still; then they seem to move 
from east to west, and after standing some time, they again move 
from west to east, and so on continually. The motion of a planet 
from west to east is called the direct motion, or according to the 
order of the signs. ‘The contrary motion from east to west is called 
retrograde, and when the planet appears to stand still, it is said to be 
stationary. 

The situation of a planet in the heavens, as it would appear if seen 
from the Sun, is called its heliocentric place; and as seen from the 
Earth, its geocentric place. 

The angular distance of a planet from the Sun is_ termed its - 
elongation. 

When a planet is in the same part of the heavens with the Sun, 
those bodies are said to be in conjunction; and when their angular 
distance is 180°, in upposition. The same terms are used with respect 
to any other two celestial bodies. 

We now proceed to give a more particular description of the Sun 
anc the planets. 

‘The Sun, that great fountain of heat, light, and vegetation, is an 
immense globe of fire, placed near the centre of the orbits of all the 
planets; its diameter is about 890,000 English miles, and it turns 
round its axis in 25 days 10 hours. 

Mercury is, of all the primary planets, the nearest to the Sun; 
his diameter is about 3224 iniles, and mean distance from that lumie 
nary 37 millions of miles. His periodic revolution is performed 
in 87 days 23 hours. 

Toa spectator on the Earth this planet keeps so near the Sun that 
we can seldom discern him without the aid of telescopes: he appears — 
sometimes’ a little before Sun-set, and at other times a little after — 
Sun-rise, : ae 

Venus is the next planet in the order of the System, and is dis- 
tinguished by her superior brilliancy; her diameter.is 7687 miles, her 
mean distance from the Sun 68 millions of miles, and her periodic 
revolution is performed in 224 days 17 hours. 

This planet appears to us always near the Sun, although she 
recedes trom him almost double the distance of Mercury ; when she 
is in that part of her orbit which is west of the Sun, she rises before 


. 
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him in the morning, and is called Luctfer, or the morning Star: and 
when she is in the eastern part of her orbit, she shines in the evening 
after he sets, and is called Vesper, or the evening Star. 

The Earth, or planet which we inhabit, is about 7958 miles in 
diameter, and is about 95 millions of miles from the Sun; it performs 
a revolution through its orbit in 365 days 6 hours, which period is 
called a year, and revolves round its axis, from west to east, in 
24 hours, which occasions the apparent diurnal motion of the Sun, 
and all the heavenly bodies round it, from east to west, in the same 
time; it is of course the cause of their rising and setting, of day and 
night. The axis of the Earth is inclined 23° 28’ from a perpendicular 
to the plane of its orbit, and keeps in a direction parallel to itself 
throughout its annual course, which causes the return of spring and 
summer, autumn and winter. ‘Thus the diurnal motion gives us the 
grateful vicissitude of day and night, and the annual motion the 
regular succession of the seasons. (See Plate VI. Figure 2.) 

The Earth is attended by a satellite called the moon, whose dia- 
meter is 2174 miles, her mean distance from the center of the Earth 
about 240,000 miles; she goes round her orbit in 27 days 8 hours, 
revolving round her axis in the same time; but the interval between 
each new moon is 20} days; the former of these periods is 
termed a periodic month, and the latter a synodic month, or 
dunation. . 

As the Moon, like the other plancts, is an opake body, and 
borrows her light from the Sun, only one hemisphere is enlightened 
by the solar rays: hence she puts on various appearances, called 
phases, during her monthly course round the Earth, as her illumi- 
nated side is more or less turned towards us: when she is in the same 
part of the heavens as the Sun, her dark side being turned towards 
us, she is invisible, and this part of her period is called the change 
or time of new Moon; ina few days after, as she advances to the 
eastward of the Sun, we see a small part of her enlightened face, and 
she assumes a horned appearance, the cusps or points being turned 
from the Sun towards the east. When she has advanced J0° to the 
eastward of the Sun, we then see half her illuminated face, and she 
is then said to be in her first quarter; as she proceeds on her journey 
more of her enlightened side becomes visible, and she appears of an 
oval.or gibbous form. At length, when she is in opposition to the 
Sun, she presents to us the whole of her enlightened face, and this is 
called the time of fud7 Moon. In performing the other half of her revo- | 
lution she wanes, and exposes less and less of her enlightened side, 
till she entirely disappears, and comes again in conjunction with the 
Sun. (See Plate VIL. Figure I.) 

When the Moon, at the time of conjunction, is directly between 
the Sun and the Earth, she will intercept a part of the Sun’s rays, 
and thence cause an eclipse of the Sun; and when in opposition, the 
Earth is directly between her and the Sun, she will pass through the 
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shadow of the Earth and cause an eclipse of the Moon. These eclipses 
would happen every revolution of the Moon round the Earth if their 
orbits were in the same plane, but the Moon’s orbit is inclined to the 
Earth’s in an angle of about 5 degrees, crvssing it in two opposite 
points called the Moon's nodes ; hence eclipses of the Sun and Moon 
can happen only when the Moon is in or near one of the nodes, she 
being at all other times above or below the plane of the Earth’s orbit. 
(See Plate VII. Figure 2.) 

Mars is the least bright and elegant ofall the planets, being ofa dull 
red or fiery colour, supposed to arise from the density of his atmos- 
phere ; his diameter is 4444 miles; his distance from the Sun 145 
millions of miles; his periodic revolution is performed in about 687 
days, and he revolves round his axis in 24 hours 40 minutes, 

ars, as well as all the other superior planets, is not subject to the 
same limitations in his apparent motion as Mercury or Venus, but 
appears sometimes near the Sun, and at other times in opposition 
to him. 

Vesta was discovered by Dr. Olbers, of Bremen, on the 26th of 
March, 1807; its distance from the Sun is about 2252 millions of 
miles, and the length of its year, 3 years 240 days 5 hours, This 
planet appears like a Star of the 5th magnitude, 

Juno was discovered by Mr. Harding, of Lilienthal, in the duchy 
of Bremen, on the Ist of September, 1804. 't appears like a Star of 
the 8th magnitude; is distant from the Sun about 253 millions of 
miles, and performs its revolution in 4 years 131 days 

Prazzi or Ceres was discovered by M., Piazzi, the Astronomer 
Royal at Palermo, in Sicily, on the Ist of January, 1801. Its periodic . 
revolution is 4 years 22] days 13 hours; its diameter, as computed 
by Dr. Herschel, is about 162 miles, and its distance from the Sun 
about 263 millions of miles. Ceres appears no larger than a Star of 
the 8th magnitude, and therefore cannot be seen with the naked eye. 

Paxias was discovered by Dr. Olbers, at Bremen, on the 28th of 
March, 1802; itis distant from the Sun near 263 millions of miles, 
and performs its revolution round it in 4 years 221 days 17 hours. 
Pallas appears like a Star of the 7th magnitude, and its diameter is 
about 110 miles. 

Jupiter is the largest of all the planets, and is easily distinguished 
by his peculiar magnitude and light. His diameter is 89170 miles ; 
his distance from the Sun 494 millions of miles; and he performs his 
periodic revolution in 43323 days, or nearly 12 years. Jupiter com 
pletes his diurnal revolution in 9 hours and 56 minutes. 

This planet is attended by four satellites, invisible to the naked ey , 
but through a telescope they make a beautiful appearance. In speak- 
ing of them, we distinguish them, according to their places, into the 
first, the second, &c. The eclipses of these are of considerable use 
m determining the longitude of places on the Earth. In viewing 
Jupiter through a telescope we find several streaks or lines over his 
equatorial parts, which are called his belts ; these are supposed to 
arise from the swiftness of his diurnal motion, which draws his clouds 
and vapours into thuse torms, 
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Sarurn was reckoned the most remote planet of our system 
before the discovery of the planet Herschel. He shines but with a 
pale and feeble light; his diameter is 79042 miles; his distance from 
the Sun 900 millions of miles, and his periodic revolution in his 
orbit is performed in about 29 years 167 days. Saturn revolves 
round his axis in 10 hours 16 minutes, and is attended by seven 
satellites 

This planet is surrounded by a large, broad, double, and luminous 
ring, at a distance from it equal to the breadth of the ring. This 
phenomenon is quite different to all others in the planetary system, 
‘and appears intended to increase the quantity of light received from 
the Sun, which, on account of the vast distance of the planet, must be 
very small. 

HeERscHEL, or as it is called, the Grorcium Sr1pus, was dis- 
covered on March 13th, 1781, by Dr. Herschel, though there are 
many reasons to suppose it had been seen before, but had been 
considered asa fixed Star. Its diameter is 35112 miles, its distance 
from the Sun 1800 millions of miles, and its periodic revolution in 
sts orbit is performed in 83 years and 52 days, ‘This planet is at- 
tended by six satellites which were likewise discovered by Dr. 
Herschel. 

The Astronomy of Comets is yet in its infancy; the return of one 
of them in the year 1758, was foretold by Dr. Halley, and it happened 
nearly as he predicted. He also foretold the return of another in the 
year 1790, but it never appeared. Probably this mistake of Dr. Halley 
was owing to the inaccuracy of the observations on the Comet at its 
former appearance; for Mr. Mechain, having collected all the obser- 
vations, and calculated the orbit again, found it differ essentially from 
that determined by Dr. Halley. 


OF THE SPHERE. 


Although the celestial bodies are placed at different distances 
from the earth, as we have just seen; yet an observer living upon 
the earth, is not naturally sensible thereof, but imagines them 
all to be situate in one concave surface, of which the earth Pi the 
center. 

Likewise, though in reality the cause of day and night is the 
rotation of the earth round its own axis: and of the seasons, its 
motion through its own orbit in a year, yet to a spectator on the 
earth, these appear to be effected by the motion of the Sun or 
heavens. 

- And as in most Astronomical Problems, it is the apparent or relative 
motions only that we have to determine; therefore for the ease of cal- 
culation, and since it amounts to the same thing whichsoever way these 
appearances are effected, Astronomers chuse to suppose all celestial 
abjects placed in one concave sphere as above, and to ascribe to them 
all the motions which they seem to have, while the earth 15 considered 
as being at rest in the center. : , 
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. In order to point out the positions of the heavenly bodies in the 
celestial sphere, certain points, lines, and circles are supposed to be 
described thereon. 
~ Circles upon a sphere are either great or less: a great circte is that 
whose plane passes through the centre of the sphere. A Jess circle is 
that whose plane does not pass through the center of the sphere: hence 
all great circles upon a sphere divide it equally, and all less circles 
divide it unequally. 

Those two points on the surface of a sphere which are equidistant 
from every part of the circumference of one of its great circles, are 
called the poles of that great circle. ° 

If we imagine the axis of the earth produced to the celestial sphere, 
it is then called the awis of the heavens, and its extremities mark out 
two points in the sphere, which are called the celestzal poles, or the 
poles of the world; one is termed the north pole, and the other the south 
pole. It is about these points that all the heavenly bodies appear to 
have a diurnal revolution, 

The plane of the equator in like manner produced to the heavens, 
forms a circle called the celestial equator, or equinoctial, whose poles 
are those of the world. This circle divides the heavens into two 
equal parts, called the northern and southern hemispheres. 

Any celestial body situated in the equinoctial will appear to describe 
a great circle in the heavens, and those bodies which are situated north 
or south of it will describe small circles; those Stars situated at either 
pole will appear at rest. 

The circle which bounds the view of a spectator, at sea, or on an 
open plane, is termed the apparent, or visible horizon; a circle whose 
plane passes through the eye of an observer, perpendicular toa plumb- 
line hanging freely, is called the sensible horizon ; and a circle parallel 
to this, passing through the center of the earth, is the rational horizon; 
these two circles in the sphere of the fixed Stars may be considered as 
one and the same™*. 

The zenith of a place is that point in the heavens immediately above 
the place, and the nadir is that point immediately under it. Hence 
the zenith and nadir-are the poles of the rational horizon. 

Azimuth, or vertical circles, are great circles passing through the 
zenith and nadir, and therefore intersect the horizon at right angles. 
That vertical circle which passes through the east and west points of 
the horizon is called the prime vertical. 

Celestial meridians, or circles of right ascension, are great circles 
passing through the poles of the world, and cutting the equinoctial 
at right angles. ‘Twenty-four af these circles, which divide the 
equinoctial into equal parts, each containing 15 degrees, are called 
hour-circles. 

The meridian of a place on the celestial sphere, is that vertical 
circle which passes through the poles, crosses the equinoctial at 


® For the division of the horizon into points, &c. see the Mariner's Compass, opposite 
page 65. 
UA 
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right angles, amd intersect the horizon’at the north and south points; 
this circle is the terrestrial meridian of a place extended to the heavens: 
it divides the heavens into two hemispheres, termed the eastern and 
western. When the Sun is upon the meridian of a place above the 
horizon, it is noon; and under the horizon, it is midnight. On this 
circle the latitude of a place is reckoned, being always equal to the 
elevation of the pole above the horizon, or to the distance of the zenith 
from the equinoctial, : 

The altitude of a celestial object is an arch of a vertical circle inter- 
cepted between the center of the object of the horizon. 

The zenith distance is an arch of a vertical circle contained between 
the object and the zenith. When the object is on the meridian, its 
altitude, or zenith distance, are called the meridzan altitude, or meridiaz 
zenith distance. 

The azimuth ia an arch of the horizon contained between the azimuth, 
or vertical circle, passing through the center of the object, and the 
meridian of the place. 

T he amplitude is an arch of the horizon contained between the center 
of the object when rising or setting, and the east o1 west points of the 
horizon. 

The ecliptic is that great circle in the heavens which the Sun appears 
to describe in the course of a year, and is the orbit of the earth extended 
to the celestial sphere. It is inclined to the equinoctial in an angle of 
23° 28), called the obliquity of the ecliptic, and cuts it in two points 
diametrically opposite, called the equinoctial points. ‘Those two points 
of the ecliptic, 90 degrees distant from the equinoctial points, are 
called the solstitial points. | 

The ecliptic is divided into 12 equal parts called segns, each contain- 
ing 30 degreese these are thus marked and named. 


x. Aries 4 Cancer 93 y. Libra & vo. Capricornus pf 
2. Taurus & BRE, bike, &. Scorpio m 11. Aquarius sv 
3. Gemini © 6. Virgo iQ g- Sagittarius ¢ 12. Pisces x 


The first six signs being on the north side of the equinoctial, are 
termed northern signs, and the last six on the south side, are called 
‘southern signs. 

The two points of the ecliptic which coincide with the equinoctial 
are, the beginning of Aries and Libra; the former of these is called the 
vernal equinox, and the latter the autumnal equinox. 

The two solstitial points are situated at the beginning of Cancer and 
Capricorn, and are called the swmmer and winter solstices. 

That great circle which passes through the equinoctial points and 
the poles of the earth, is called the equznoctzal colure; and that great 
circle which passes through the solstitial points and the poles of the 
earth, is called the solstitiaé colure. 

The Sun enters the beginning of Aries about the 2ist of March; 
he then moves forward in the ecliptic and advances towards the north 
pole till he enters Cancer, which happens about the 22d of June; 
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then, continuing his motion according to the order of the signs, he 
apparently recedes from the north pole, and about the 23d of Sep- 
tember enters Libra; still advancing in the ecliptic he gets nearer to 
the south pole till he enters Capricorn about the 22d of December,’ 
after which returning to the northward through the last three signs, he 
again enters Aries, and thus completes his annual course. 

The zodiac is a space in the heavens extending about 8 degrees on 
each side of the ecliptic, like a belt or girdle, within which all the 
planets appear to perform their revolutions. 

Circles of longitude in the celestial sphere, are great circles passing 
through the poles of the ecliptic, and therefore cut the ecliptic at right 
angles. 

The right ascension of a celestial body is an arch of the eyuinoc- 
tial, contained between the first point of Aries and that point of 
ne equinoctial which is cut by a meridian passing through the 

ject. 

The ascensional difference is an arch of the equinoctial, intercepted 
between the Sun or Star’s meridian and that point of the equinoctial 
that rises with the object. 

The oblique ascension, or descension, is the sum or difference of the 
right ascension and ascensional difference. 

The declination of an object is an arch of a meridian contained 
between the equinoctial and the center of the object. It is called 
north or south declination, according as the object is on the north or 
south side of the equinoctial. 

The polar distance is anarch of the meridian contained between the 
center of the object and either pole of the equinoctial. 

The datitude of any object in the heavens is an arch of a circle of 
celestial longitude intercepted between the object and the ecliptic, 
and is called north or south, according as the object is nurth or south 
of the ecliptic. 

The longitude of a celestial body is an arch of the ecliptic inter 
cepted between the first point of Aries and a circle of longitude 
passing through the center of the object. 

he tropics are two lesser circles parallel to the equinoctial, at 
23° 28’ distance from it, touching the ecliptic at the solstitial points; 
the northern tropic touches the ecliptic at the beginning of Cancer, 
and is thence called the tropic of Cancer; the southern tropic, touch- 
ing the ecliptic at the beginning of Capricorn, is therefore called the 
tropic of Capricorn. 

The polar circles are two lesser circles, 23° 28’ distant from the poles 
of the equinoctial: that about the north pole is called the arctic circle, 
and the other the antarctic circle. 

In order to illustrate the preceding definitions, let the circle 
zHNno (Plate VII. Figure 3.) represent the celestial meridian, z the 
zenith, and w the nadir, of a place at a; ho the sensible horizon of 
the place, which may be considered as coinciding with nro, the 
rational horizon, the north and south points being o and u, and the 
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east and west points at 1; and zpw an azimuth, or vertical circle, 
cutting the horizon ins; likewise let the line p p be the celestial axis 
whose pole p is elevated above the rational horizon equal to the lati- 
tude of the place. Now if v be considered as the place of a Star in 
the heavens, vg will be its altitude; vz its zenith distance, up its 
azimuth from the south, or so from the north. If the Star be sup- 
posed to rise or set at F, the arch Fx will be its amplitude from the 
east or west, and if the Star be at a, on the meridian, gu will be its 
meridian altitude, and gz its meridian zenith distance. 

‘Again, let p p represent the celestial axis as before; the circle zHNno, 
the solstitial colure; 2£@ the equinoctial, of which Pp p are the poles; 
pp p a circle of right ascension; gsxp, the ecliptic; rr its poles; 
RER acircle of longitude, gsg5 the tropic of Cancer, pyp the tropic of 
Capricorn ; rm the arctic Circle; and rm the antarctic Circle. Then 
if v be the place of a Star, vp will be its declination; vp or vp its 
polar distance; Lv its latitude; and ru its longitude. 


THE DIAMETER OF THE SUN, MOON, &c. 


The apparent diameter of the Sun, Moon, &c. is the angle under 
which they appear to an observer situated on the Earth; the quantity 
of which depends upon the real magnitude of the object, and its dis- 
tance from the observer. ‘Thus, let az (Plate VII. Figure 4,) represent 
the real diameter of a distant object, the eye being at c; then the 
angle acB is its apparent diameter: now if the eye be removed further 
from the object, as to p, its apparent diameter will be the angle aps, 
which is evidently less than the angle acs; likewise if the real diameter 
be increased to £ its apparent diameter will likewise increase, for the 
angle EpB is greater than the angle aps. 

The Sun’s apparent semidiameter is set down in page III. of each 
month in the Nautical Almanac, for every seven days: but its mean 
sernidiameter, which is 16’, 1s used im common practice, as it never 
deviates half.a minute from that quantity. ‘The Moon’s semidiameter 
varies considerably during his monthly revolution round the Earth, 
and is set down for every 12th hour in page VII. of cach month in the 
Nautical Almanac; the apparent semidiameter there given is the 
angle under which it would be seen when in the horizon, or from 
the center of the Earth; but since the Moon is nearer the observer, 
by a semidiameter of the Earth, when in the zenith than when in 
the horizon, and as this difference bears a sensible proportion to 
the Moon’s distance from the Earth’s center*, the semidiameter 
given in the Almanac is to be increased by a quantity, called the 
augmentation, depending on its altitude, which is contained in 
Table VIL. 3 

The distance of the Sun from the Earth being immense when 
compared with the Earth’s semidiameter, the augmentation of the 


® The Moon is about $0 semidiameters of the Earth distant from the Earth’s center. 
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Sun's apparent semidiameter ts therefore insensible. The apparent 
semidiameter ofa planet is so small that it is seldom noticed in calcu- 
lations. ‘The fixed Stars have no sensible apparent magnitude even 
when viewed through the most powerful telescopes. 


DEPRESSION OF THE HORIZON, 


The depression, or, as it is generally called, the dip of the horizon, 
is the angle contained between the sensible and apparent horizons, 
the angular point being the eye of the observer. Now as the altitudes 
of all celestial bodies observed at sea are measured from the apparent 
horizon which is below the sensible by a quantity depending on the 
height of the eye, these altitudes are greater when taken by a fore 
observation, and less when observed by a back observation, than they 
should be, by a quantity equal to the angle contained between the 
two horizons. ‘Thus, let pac represent part of the surface of the 
Earth, aud asx the height of the observer's eye: then Fre will repre- 
sent the sensible, and rn the apparent horizons, and therefore the 
angle reEH will be the depression, or dip, of the apparent below the 
sensible horizon. Let s1 be an object whose altitude is to be observed 
by bringing its image in contact with the apparent horizon; then will 
the angle men be the observed altitude which is greater than the 
angle mer, the altitude from the sensible horizon, by the angle reu. 
In the back observation the observed altitude is mex, to which the 
angle nEF, equal to Grex, must be added to obtain the altitude above 
the sensible horizon Fx. ; 

The dip of the horizon is affected by terrestrial refraction, which, 
according to Dr. Maskelyne, amounts to +5, the whole angle, but 
several Astronomers differ in opinion respecting the quantity. In 
Table V. of this work, which contains the dip answering to different 
heights of the observer, = is allowed on the whole angle. 


REFRACTION. 


The rays of light which proceed from a celestial body, on enter- 
ing the atmosphere in an oblique direction, are bent out of their 
rectilinear course, and incline more and more towards the center of 
the Earth as they pass deeper into the atmosphere, and hence enter 
the eye of an observer in a different direction from that of the ob- 
ject, aud make it appear higher than its real place. The difference 
between the real and apparent places of the heavenly bodies, as 
affected by the passage of the rays of light through the atmosphere, 
is called the refraction of the object. Let anc represent the surface 
of the Earth, on which the observer stands at a, and per the 
surrounding atmosphere: now the rays of light whicl: proceed from 
an object at z in the zenith falling perpendicularly on the atmos- 
phere, are not refracted thereby, but continue in the same direction 
till they reach the eye of the observer. But if the rays proceed 
from a body not in the zenith, as at r, they fall on the atmosphere 


al as 
et mire oo 


152 ASTRONOMY, 


obliquely, and are bent or refracted mto a curve inclming towards 
the Earth’s center at r; and as the observer perceives objects in the 
direction that the rays proceeding from it enter the eye, he therefore 
imagines the body pr to be at r; the difference of these places, or 
the arch rv, is the refraction of the object in altitude. Thus also 
if the rays from a Star at s pass on to the eye by a curve-line pa, 
the observer judges that Star to be in the direction of the side of this 
curve terminating at the eye, that is, he conceives it to be at s, in 
the direction sa touching the curve at the point a, where it enters 
the eve. | | 

The more obliquely the rays enter the atmosphere, the more they 
will be bent out of their rectilinear course, and hence the greater the 
refraction; the quantity of refraction likewise increases with the density 
of the atmosphere. : 

_From what has been said, it follows that an object at the zenith is 
not subject to refraction, but that as the distance froin the zenith 
increases, the refraction becomes perceptible, and is proportionably . 
greater, as the body observed is further from the zenith until it 
reaches the horizon where the refraction is greatest. Also, that by 
the effect of refraction the heavenly bodies appear more elevated 
- above the horizon, than they really are, and therefore the re- 
fraction is to be subtracted from the apparent altitude of an object; 
in consequence of this, it likewise happens that the Sun, Stars, &c, 
may be actually below the horizon when they appear above it; and 
hence they appear to rise sooner and set later than they weuld other- 
wise do. 


PARALLAX, 


We have already observed that the sensible and rational horizons 
may be considered as coinciding when extended to the sphere of the 
heavens. ‘l’his assumption will lead us to no sensible error with re- 
spect to the Stars, which are at such an immense distance from us that 
the earth, i comparison, is as it were, but a mere point; but, with 
respect, to the Sun, Moon, and Planets, the earth’s semidiameter must 
be taken into consideration in deducing our conclusions from obserya- 
tions made upon those bodies. 

The situation of a celestial body, when viewed from the surface 
of the earth is called its apparent place, and that part of the 
heavens where it would be seen if observed at the same time from 
’ the center of the earth, is called its true place. The difference be« 
tween the true and apparent places is termed the parullax of the 
object. , 

In order to illustrate the nature of parallax, let anw (Plate VII. | 
Figure 7,) represent the earth, a the place of an observer on its 
‘surface whose sensible horizon is ho, rational horizon no, and 
zenith at z; also let se be part of a vertical circle whose radius is 
the distance of the moon from the earth’s center, p.g part of a 
vertical circle whose radius is the distance of a planet from the’ — 
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earth’s center, and zo 8 vertical circle im the sphere of the Stars, 
New to a spectator at a, if the moon appear in R its apparent place 
in the heavens will be at a, but if viewed from the center T its true _ 
place will be at the point zp; the difference of these places, measured 
by the arch a b is its parallax in altitude. 

But if the Moon be in the sensible horizon at a its apparent place 
will be at 0, and its true place at p; the arch op iscalled its horizontal 
parallax. Moreover, if g be the place of a planet in the horizon, the 
arch od will be its horizontal parallax, and if its place be at 7, a b will 
be its parallax in altitude. 

The parallax of an object 1s greatest at the horizon, and gradually 
diminishes as the body rises above the horizon until it comes to the 
zenith, where the parallax vanishes. ‘Thus op and od, the horizontal 
parallaxes of g and g, are greater than a Bora J, the parallaxes of 
r and r and the objects at s or p seen from a or r, will appear in the 
same place z, or the zenith. The parallaxes of different objects are 
less or greater, as those objects are more or less distant from the earth. 
Thus the parallax o p of the Moon a is greater than the parallax od 
of the planet g. It is likewise evident from the figure, that the altitude 
of an object seen from the earth’s surface is less than it would be if 
seen from the center; hence the parallax is to be added to the appa- 
rent altitude, in order to obtain the true altitude. 

The Moon’s parallax is greater than that of the cther heavenly bodies, 
owing to its being nearer the earth; at the horizon it varies from about 
61’ 3%’ to 53’ $2’, and is set down in page VII. of each month in the 
Nautical Almanac. The Sun’s mean borizontal parallax is 83’; that 
of the planets is more or less according to their distance from us in 
the different parts of their orbits. 


THe air, or atmosphere which encompasses our terraqueous globe, 
and extends several miles above its surface, is by its elasticity, 
capable of being expanded, or of spreading itself so as to fill up 
a larger space than it before occupied, and of being condensed, or 
compressed, into a less space: the principal causes in producing 
these effects are heat and cold, the former rarefying or expanding, 
and the latter condensing or compressing the air; when, therefore, 
any portion of it becomes heated, the cooler or denser air from the 
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Aotehtoniritic parts will acquire a motion easmiadtin the thinner, in order 
to restore the equilibrium, and thereby occasion those currents of air 
which are called Wands. | 

Although various causes. may centribute to produce this inequality, 
in the density of the atmosphere, yet the most general and permanent 
is the influence of the Sun’s rays, by which the air in the regions 
about the equator being heated to a greater degree, and consequently 
more rarified than that which is nearer to either poles, the more pon- 
derous or dense air will have a motion from the north and south, 
in order to. preserve the equilibrium; but as the Sun is continually 
shifting to the westward, that part towards which the air tends, by 
reason of the rarefaction, is with him carried westward, and con- 
sequently the tendency of the whole body of air is that way; hence 
a general easterly wind is formed, which being impressed upon 
all the air of a vast ocean, the parts impel one another, and so keep 
moving till the next return of the Sun, by which so much of the 
motion as was lost is again restored, and thus the easterly wind 
is made perpetual: the combination of these two currents of air 
acting at the same time will produce a north-easterly wind in the 
northern hemisphere, and a south-easterly wind in the southern 
hemisphere. 

If the whole surface of the globe were sea, these winds would con- 
stantly blow quite round the world without interruption ; but as water 
is of amore even temperature than land, the latter will sometimes be 
hotter and sometimes cooler than the former, rarefyingsor condensing 
to a greater degree the air immediately above, whereby the air will be 
put in motion, the denser towards the lighter, in order to restore the 
equilibrium: hence when a considerable body of land intervenes, par- 
ticularly in the tropical regions, new points of rarefaction and conden- 
sation take place, sufficiently powerful tv counteract the former more 
remote, aud therefore more feeble cause: for it is to be observed, that 
the atmosphere derives a greater portion of its heat, near the surface, 
from its communication with land and water, than from the direct 
influence of the Sun. 

Partial and temporary winds are likewise frequently produced by 
' thunder storms, or other electrical phenomena. ‘The rays of the Sun 
are also sometimes obstructed by clouds, or mists in particular places, 
and one part of the world, or even ofa particular country will conse- 
quently be less heated than another; in that case there will always be 
a current of air from the cold to the warm region. Besides this the 
falling of rain, or other circumstances, produce occasioual alterations 
in the temperature of the air, and whenever these take place in any 
country they must be attended with wind. 

In those parts of the Atlantic and: Pacific Oceans which are re- 
mote from the influence of the land, between the limits of about 28 
or 30 degrees of north and south latitude, there is a constant easterly 
wind, the cause of which we have already assigned in the preceding 
observations. On the north side of the equator the wind blows 
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from between the north and the east, and on the south side from 
between the south and the east, inclining more to the north and south 
as they are further from the equator: these winds are denominated 
the N. E. and S$. E. trade winds. 

But we are not to conclude that the above limits are without ex- 
ception, for both their direction and extent vary much with the 
season of the year: when the Sun approaches the tropic of Cancer 
the S. E. trade wind prevails further to the northward of the line, in- 
clining more to the south than the east, and the N. E. trade wind 
more to the eastward; on the contrary, when he is in Capricorn the 
N. E. trade wind extends more to the southward of the equator, but 
inclining more te the northward, and the S, E. veers a little more to 
the eastward. 

The S. E. trade wind generally extends as far as 5 or 6 degrees to 
the northward of the line, and sometimes even to 7 degrees, according 
to the seasons: sometimes the N. E. and S. E. trade winds almost meet 
each other, leaving very little space between them, and at other times 
there will be an interval of several degrees subject to calms, squalls, 
thunder, lightning, and heavy rains. It has likewise been remarked, 
that between the trades, the wind frequently prevails from the 8S. W. 
quarter. 

The trade winds extend to higher degrees of latitude on the coasts 
of North and South America than on the coast of Africa; some- 
times as far as 32 degrees on the North American coast, and to the 
same latitud® south on the coast of Brazil, though they seldom ex- 
ceed 28 degrees on the African side to the northward of the Cape of 
Good Hope. | 

Beyond the limits of the trade winds, in both the northern and 
southern hemispheres, the winds are variable, but for the most part 
prevailing from the westward, or W.S. W. in the northern, and from 
the W. N. W. in the southern latitudes; these winds often extend to 
the tropics, and sometimes even as far as the 20th degree of latitude. 

The probable cause of the trade winds thus changing to the opposite 
direction appears to be, that the rarefied air within the tropical regions 
being pressed upon by that which is cooler or denser coming from 
the northward or southward, ascends to the upper part of the atmo- 
sphere, where the reflected rays of the Sun has less influence, dis- 
persing itself in order to maintain an equilibrium, and forms a contrary 
current at the commencement of the temperate zone, which produces 
the above-mentioned winds, But the above observation must be 
confined to particular seasons, within certain limits, and not be con- 
sidered as invariably the case, for even in the South Atlantic Ocean, 
in those same parallels of latitude the winds are light and variable, 
coming often from the S. E. and veering almost to every point of the 
compass, | : 

The N. E. trade wind in the Atlantic Ocean blows in a regular fresh 
gale at about 10% leagues from the coast of Africa; and it is remarked, 
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that as stips approach nearer to the West Indies this wind generally 
comes nearer to the east, so as seldom to deviate more than a point 
either to the northward or southward. | 

On the coast of Brazil, the 8. E. trade wind is subject to periodical 
shiftings, according to the respective seasons; they blow there from 
N. E. to E. N. E. between September and March, and from S.S. E. 
to E. S. E. from March to September. 

On the African coast, from Cape Blanco to Sierra Leone, the winds 
(excepting always land breezes and storms) blow from the north, in- 
clining rather from the westward than from the eastward. From 
Sierra Leone to Cape Palmas the ordinary course of the winds is from 
W.N. W. and beyond Cape Palmas, as far down asabuut 28 degrees 
of south latitude, from S. W. to south, inclining more to the south- 
ward or westward according to the particular situation or bearing of 
the shores and lands. 

The reason of these dispositions of the trade winds towards the land 
will appear obvious from the general principles already laid down, 
when we consider the nature of the coasts and their situation with 
regard to the Sun. The vast continent of Africa, for instance, being 
violently heated by the Sun, especially those parts near the equator, 
the incumbent air will be exceedingly rarefied, and the sea being much 
cooler than the land, the current of air must almost constantly come 
from the westward to restore the equilibrium, and it is to be observed 
that the winds on the coast of Guinea actually acquire this direction 
towards the shore within 80 or 100 leagues, getting first more towards 
the south, then becoming full south, and afterwards shifting to the 
westward of the south. ‘This part of the ocean is consequently much 
troubled with frequent calms, and with sudden and violent gusts of 
wind, known by the name of TJornadves, which blow from all parts 
of the horizon. ° 

In the gulf of Guinea, there is a periodical wind, called the 
Harmattan, which blows in a N. E, direction from the interior parts 
of Africa. The season in which it prevails is during the months of 
December, January, and February; it comes .on indiscriminately at 
_ any hour of the day, at any time of the tide, or at any period of 
the Moon, and continues sometimes only a day or two, sometimes 
five or six days, and it has been known to last fifteen or sixteen 
days. There are generally three or four returns of it every season: 
it blows with a moderate force, but not quite so strong as the sea 
breeze. It has been further observed, that between the 4th and 
10th degree of north latitude, and between the longitude of Cape 
Verd and the easternmost of the Cape Verd Island, there is a track 
of sea which seems to be condemned to perpetual calms, attended 
with terrible thunders and lightnings, accompanied with such free 
quent rains, that this part of the sea is called the rains. ‘his 
appears to originate from the same cause as those we have already 
stated; for this tract being pleced in the middle, between the westerly 
winds blowing on the coast and the easterly trade wind blowing to 
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the westward of it, the tendency of the air is here indifferent to either, 
and therefore keeps its place, and makes a calm; and the weight of 
the incumbent atmosphere being diminished by the continual con- 
trary winds blowing from hence, is the reason that the air is not able 
to support the vapours plentifully raised here by the heat, but lets it 
fall in frequent and copious showers. 

All these circumstances duly considered will account for those 
circuitous passages which ships make in sailing from one distant port 
to another in the Atlantic Ocean, and for the difficulty they meet 
with in sailing to the southward, especially in the months of July 
and August, when the S. E. trade winds usually extend to 7 or 8 de- 
grees north of the equator, and not unfrequently vary so much as to 
blow from the south, and even a point ur twe to the west of the 
south; for in this case every mile that is then obtained must be in 
the face of a constant trade wind, directly opposing the track of the 
ship, and by an infinite degree of trouble, and constantly plying to 
windward. For if, on the one hand,a ship steers W.S.W. and geis 
the trade wind more towards the east, she will be in danger of falling 
in too soon with the coast and shoals of Brazil; and if she steers E.S.E. 
she must fall in with the coast of Guinea, and cannot extricate herself 
from that situation but by running down east to the Island of 
St. Thomas; it is for this reason that India ships, both outward and 
homeward bound, pass the equator in the Atlantic between the lon- 
gitudes of 18° and 23°west; by keeping this course they never fall 
_in with the coast of America, either going to the Cape of Good Hope, 
or returning from it, and at the same time they avoid the calms on 
the coast of Africa. 

These circumstances likewise point out the only possible course 
for ships to sail from the coast of Guinea for Europe; and that is, 
to steer away S.S.E. or south, and with these courses to run off the 

hore, while the wind becomes more and more contrary. ‘Though 
hips when near the shore can lie south on this coast, yet when they 
get more distant they can only make good a S.E. course, and as they 
get further out they will only make good an E.S,E course; but they 
can generally make the Island of St. Thomas’s, or Cape Lopez, with — 
these directions, when they will find the winds to the eastward of the 
south. They then set of westerly from the coast, and run on till they 
come to 4 degrees south latitude, by which time they will find a 
constant trade wind from the S. E. 

On account of these general winds, ships bound from England, or 
other parts of Europe, to the West India islands, or to the southern 
parts of the coast of North America, even as far to the northward as 
Virginia, consider itas most advantageous to get to the southward as 
soon as possible, for on their reaching the latitude of 30 degrees, or 
thereabouts, where they get within the influence of the trade winds, 
they can depend on having a steady gale from the eastward, so as to 
enable them to run before the wind. For the same reason all ships 
returning from the West Indies, or the contiguous part of the coast 
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of North America, endeavour to run up to 30 degrees north latitude, 
where they first find the wind begin to be variable, so as to enable 
them to make to the eastward. Indeed, the most general and pre- 
vailing wind, without the northern limits of the trade wind in the 
Atlantic Ocean, is between the south and west, and therefore fair for 
bringing ships to Europe. 

Again, ships bound to India from America run to the eastward in 
the variable winds, so as to be in the longitude of 35 or 38 degrees 
west when in the latitude of 30 degrees north; thence they steer 
south-easterly towards the Cape Verd islands, passing two or tliree 
degrees to the westward of them. Being then in the general track 
of the European Indiamen, they steer south-easterly to cross the 
equator between the longitude of 18 and 23 degrees west, where 
meeting the S. E. trade wind, they must brace up, and sail upon a 
wind till they get so far tu the southward as to meet with the variable 
winds, when they may steer to the eastward. 

Between the parallels of 28and 40 degrees of south latitude in 
the Indian Ocean, as we have already observed is the case in the 
South Atlantic, the wind is variable, but most frequently blows 
between the N. W. and S.W.; it is on this account that outward 
bound East India ships generally run down their easting on the 
parallel of 36 degrees south. 3 

From the latitude of 28 degrees south to the equator, the S. E. 
trade wind blows constantly without any considerable interruption 
im the Indian Ocean, as inthe Pacific and Atlantic, between sume 
few devrees to the eastward of Madagascar, as far nearly as the Island 
of Java; but in the other parts of the Indian Ocean, aud in the 
adjoining seas, the winds divide the year into two seasous, or mon- 
soons*, blowiug certain months in one direction, and the rest of the 
year in the opposite. 

In the Mozambique Channel, between the Island of Madagascar 
and the coast of Africa, the monsoons prevail alternately; the S.W. 
begins in April and continues till November: the N.E. then suc- 
ceeds, and continues until April; but the S.W. monsoun in this 
channel is the fair season, and the wind sometimes varies towards 
the S. E. and E.S. E. on either coast about the middle of November, 
where also there are in general regular land and sea breezes. The 
N.E. monsoon begins- near the Comoro Isiands and the north of 
Madagascar, but seldom extends beyond St. Augustine’s Bay to 
the southward, towards which it commences only at the end of 
November. | 

To the north of the equator, in the whole extent of the seas com- 
prized between the eastern coast of Africa and the meridian which 
passes through the western part of Japan, the monsoons blow from 
the S.W. between the middle of April and the middle uf October, 
and from the N.E. during the rest of the year, excepting only the 


® The word monsvon is derived from the Persian word mousum, which signify season. 
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Red Sea, and the Gulf of Persia, which have particular winds; to 
which we might also add the Straits of Malacca, where the winds are 
generally shifting, and in which the monsoons do not blow for a long 
time. ; | 

In the Red Sea the winds blow almost nine months of the year 
from the southward, that is, from the end of August to the middle of 
May, and sometimes to the end of that month, when the wind changes 
to the North and N.N.W, and generally continues in that quarter 
to the end of August, but sometimes the land and sea _ breezes 
prevail. 

In the Gulph of Persia the N. W. wind blows from the month of 
October to July, and about three months from the opposite quarter. 
These winds, however, are not so regular as those in the Red Sea, 
being often interrupted by fresh gales from the S.W. principally from 
Cape Morcandon, and sometimes by land breezes. 

In the Gulf of Siam, on the Coasts of Cambodia or Camboge, 
Cochin China, the Gulf of Tonquin, and China, the S.W. monsoon 
commences near the coast in the course of the month of April, but 
out at sea, in those parts, it does not change till a month later. It is 
for this reason that on the North part of Borneo to the islands of 
Paragoa and Luconia, it is seldom known to blow constantly, but 
from the Ist to the 15th or 20th of May. As the S.W. monsoon con- 
tinues only about six months, and commences near the coast, it there 
ceases first likewise, in the same manner, and is immediately suc- 
ceeded by the N.E. monsoon. The winds in the China Seas are 
not so regular as in the Arabian Sea, and are frequently interrupted by 
violent and dangerous tyfoons*. These tyfoons are of the same 
nature with the hurricanes in the West Indies, both of which appear 
to arise from violent and sudden changes in the upper and lower 
regions of the air; and it has been remarked that they happen, for 
the most part, about the autumnal equinox, and are always preceded 
by calms and hot weather. 

In that part of the Indian Ocean adjoiniug to, New Holland, 
between the Meridians of Sumatra and Java to the west, and New 
Guinea to the east, there is a regular monsoon, which sets in from 
the N.W. between the months of October and April; during the other 
months of the year the wind resumes its natural course of S, E, These 
winds are called the N.W. and S. E. monsoons. 

The monsvons do not change suddenly from one point of the com- 
pass to the opposite; between the expiration of une, and the com- 
mencement of thé other, the winds are light and variable, and some- 
times calms prevail, until the regular monsoon commences, and 
acquires sufficient strength to blow steady. 

The shifting of the N. E. and S.W. monsoons is frequently 
attended with violent squalls, for which reason ships between the 
coasts of Malabar and Africa, if bound to Bombay from the 


® From the Chinese words Ty, great or powerful, and Foong, wind. 
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southward, never attempt to make the former coast at the breaking up 
of the N. E. monsoon, particularly in the month of May; hence, like- 
wise, they avoid the Coast of Coromandel in the month of October; 
for it is a fact worthy of remark, that the bad weather month on the 
Coast of Malabar is the fine weather month on the Coast of Coro- 
mandel, and rice versa, although these coasts are situate on the same 
peninsula. 

The most obvious cause of the above periodical changes in the wind 
appears to be the situation of the sun in the ecliptic, at the different 
seasons of the year; for when thé Sun approaches the tropic of 
Cancer, the soil of Persia, Bengal, China, and the adjoining coun- 
tries, become so much more heated than the sea to the southward 
of those countries, that the current of the general N.E. trade-wind 1s 
interrupted so as to blow at that season from the south to the north, 
contrary to what it would do if no land were there; but as the high 
mountains of Africa, during all the year, are extremely cold, the low 
countries of India to the eastward of it becomes hotter than Africa 
in Summer, andthe air is naturally drawn thence to the eastward ; 
hence it is that the wind, in those parts, blows from the 8S. W. 
between April and October, contrary to the trade winds in the 
Atlantic and Pacific Oceans in the same latitudes ; but when the Sun 


™ retires towards the tropic of Capricorn, these northern parts become 


cooler, and the general trade wind assumes its natural direction from 
the N. E. 

Upon the same principle we account for the monsoons adjoining 
New Holland, which we find is an immense tract of land to the S.E. 
of the Sunda and Molucca Islands; for when the Sun is in the tropic 
of Cancer, the current of air, even independent of the trade wind, 
will move from the S. E. to restore the equilibrium to the N. W.,,; 
on the contrary, in the months of November, December, and 
January, whilst the Sun is nearly vertical over a great part of 
New Holland, the current of air through the Sunda and Molucca 
Islands, will come from the N. W. to fill up the vacuum made by 
the rarefication, and thus occasion an alternate S. KF. and N. W. 
monsoon. 

The cause of land and sea breezes, which prevail principally 
between the tropics, and never extend above three or four leagues 
from the shore, may be explained after the same manner as the 
monsoons. For during the day the sea is not so much heated by the 
presence cf the sun as the land, nor is it so much cooled during the 
night; therefore, when the earth begins to be violently heated in the 
course of the day, the cooler air from the sea will rush in towards the 
land, to supply the deficiency occasioned by the greater rarefaction of 
the air; and- hence arises the sea breezes. On the other hand, the 
- land becoming cooler than the water in the absence of the Sun, the 
- current of air, a few hours after sunset, flows from the land to the 
sea, and thus produces the land breeze, ; 
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A TIDE is that regular motion of the waters of the ocean by which 
they rise and fall in certain intervals of time. The rising of the water 
is called the flux, or flood; and its falling, the reflux, or ebb. When 
the water has attained its greatest height it is said to be high water, and 
when it is done falling it is called low water. | 

These periodical motions of the waters are effected by the unequal 
attraction of the Sun and Moon, »ut chiefly that of the latter object, 
on the different parts of the Earth. For the discovery of the laws by 
which this general principle of attraction is governed, we are indebted 
to the great Sir Isaac Newton, who has demonstrated that the power 
of attraction diminishes as the distance increases, in proportion to the 
squares of those distances. 

Now it is evident by the above law, that those parts of the earth 
nearest the moon are more attracted by her than the central parts, and 
that the central parts will be more attracted than those which are 
farthest from her, and therefore the distance between the Earth’s center 
and the waters upon its surface under and opposite to the Moon, will 
be increased; so that if the Earth’s surface were covered with water, 
it would assume a spheroidal, or egg-like figure, the longest diameter 
of which would be directed to the Moon’s center. Hence those parts 
of the Earth directly under and opposite the Moon, that is, where the 
- Moon is in the zenith and nadir, will have the flood or high water at 
the same time; while those parts at 90 degrees distance, or where the 
Moon appears in the horizon, will have the ebb or lowest water at that 
time. As the Moon apparently shifts her position from east to west 
in going round the [arth every day, the longest diameter of the 
spheroid following her motion, occasions two floods and ebbs, in about 
every 24 hours and 49 minutes, which is the length of a lunar day, or 
the interval between the*Moon’s passing the meridian of any place, 
and returning to the same again. 

The Earth’s diameter bears a considerable proportion to its distance 
from the Moon, but is next to nothing when compared to its distance 
’ from the Sun; therefore the difference of the Sun’s attraction on the 
sides of the Earth under and opposite to him, is much less than the 
difference of the Moon’s attraction on the sides of the Earth under and 
opposite to her, and consequently the Moon must raise the tides much 
higher than they can be raised by the Sun. 

From this theory it may be thought the tides ought to be highest 
directly under and opposite the Moon. But we find, that in open 
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seas, where the water flows freely, the Moon is generally past the 
meridian when it is high water. ‘The reason is obvious; for though 
the Moon’s attraction were to cease altogether, when she was past the 
meridian, yet the motion of ascent communicated to the water before 
that time, would make it continue to rise for some time after; 
much more must it do so when the attraction is only something 
diminished. 

The times of high water do not always answer to the same distance 
of the Moon from the meridian at the same places; but are variously 
affected by the action of the Sun, which brings them on sooner when 


—rvwa 


‘the Moon is in her first and third quarters, and keeps them back later — 


when she is in her second and fourth; because in the former case, the > 


tide raised by the Sun alone would be earlier than the tide raised by 
the Moon, and in the latter case, later. 

When the Moon is in perigee, or at her nearest distance from the 
Earth, she attracts strongest, and therefore raises the tides most; the 
contrary happens when she is in apogee, or at her greatest distance 
from the Earth, because of her weaker attraction. At new Moon, 
when the Moon is in conjunction with the Sun, the tides are raised by 
the joint attractions of both luminaries, and therefore will be highest ; 
the same is the case at full Moon, when the Sun and Moon are in oppo- 
sition: for whilst the Moon raises the tides under and opposite her, 
the Sun acting in the same line, raises the tides under and opposite 
to him, whence their conjoint effect is the same as at the change, 
and in both cases occasions what are called spring tides. But at 
the quarters the Sun raises the tides where the Moon depresses 
them, and depresses them where they would be raised by the 
Moon; hence it is the difference of their actions that produces 
the tides at the quarters, and these are called neap tides. But these 
tides do not happen till a day or two after the above times, because 
mm this, as in other cases, the effect is not greatest or least when the 
immediate influence of the cause is greatest or least, but some time 
afterward. ; | | 

The Sun being nearer the Earth at the beginning, than at any other 
time of the year, its attraction will then be most powerful, and of 
course, about January the spring tides will be greater than at any other 
time, and greatest ef all if the Moon at the same time should happen 
to be in perigee. 

When the Moon is in the equinoctial, the tides are equally high in 
both parts of the lunar day, but as the Moon declines from the equi- 
noctia] towards either pole, the tides are alternately higher and lower 
at places having north or south latitude. Whilst the Moon has 
north declination, the greatest tides in the northern hemisphere are 
when she is above the horizon, and the reverse whilst her declination 
ig south. | +) 

The tides rise higner at any place in proportion as the Moon js 


nearer to the zenith or nadir of that place at the time of her passing 


the meridian, because the action of the Moon is there strongest; 


TIDES. 163 


nence the tides are greater between the tropics than any other parts, 
and less near the poles. 

All the above particulars would exactly obtain were the whole . 
eurface of the Earth covered with deep water; but since there are a 
multitude of islands besides continents lying in the way of the tide 
which interrupt its direct course, there arise a great variety of other 
appearances which require particular solutions, wherein the situation 
of the shores, straits, shoals, winds, and other things, must be 
considered. For instance, as the sea has no known passage between 
Europe and Africa, let them be suppysed one continent extending 
from Weigate Straits, in Latitude 78° north, to the Cape of Good 
Hope, in Latitude 34° south; the middle of these two would be in 
about 19° north, near Cape Blanco on the west coast of Africa. But 
it is impossible the flood-tide’should set to the westward upon the 
western coast of Africa (for the general tide following the course of 
the Moon must set from east to west) because the continent for above 
50 degrees, both northward and southward, bounds that sea ‘on the 
east; therefore, if any regular tide, proceeding from the motion 
of the sea, from east to west, should reach this place, it must come 
either from the north of Europe southward, or from the south of 
Africa northward. 

This opinion is further corroborated, or rather fully confirmed by 
common experience, which shews that the flood sets to the south- 
ward along the west Coast of Norway, from the North Cape to the 
Naze, or entrance of the Baltic Sea, and so proceeds to the south- 
ward along the east Coast of Great Britain, and in its passage sup- 
plies all those ports which lie in its way one afteranother. ‘The Coast 
of Scotland has the tide first, because it comes from the northward 
to the southward. On the full and change days it is high water at 
Aberdeen at Oh. 45m.; but at T'Yynemouth-Bar not till 3h. relling 
thence to the southward, it makes high water at the Spurn a little 
after 5h.; at Yarmouth Roadsa little after Sh. ; at Harwich 11h.30m.; 
at the Nore a little after 12h., and at London at 2h. 46m. all in the 
same day. And although this may seem to contradict the hypothesis 
of the natural motion of the tides being from east to west, yet as no- 
tide can come west from the main continent of Norway or Holtand, it 
is evident the tide we have been tracing, by its several stages from 
Scotland to London, is supplied by that tide, the original motion of 
which is from east to west. As water always inclines to its level, it 
will in its passage fall to any other point of the compass to fill up 
vacancies where it finds them; and yet not contradict, but rather 
confirm the hypothesis. 

From these circumstances it is evident that the direct course of the 
waters from east to west being interrupted by the land lying in their 
way, they are often obliged to make a long circuit, and to ticw in 
various directions; whence the setting of the tides and the times of 
high water are different at different places. 
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Lokes and inland seas, such as the Caspian Sea, the Mediterranean, 
end the Baltic Seas, have little or no sensible tides, for they are 
usually so small that the attractive influence of the Sun and Moon is 
nearly equal at both extremities, and cannot therefore sensibly affect 
the water. 

When the time of high water at any place 1s mentioned generally, 
it is to be understood of the time when it is high water at that place 
on the day of new or full Moon; or the time past noon when it is 
high water on the day on which the Sun and Moon are together on the 
meridian of the place. Among pilots it is customary to reckon the 
time of flood or high water by the point of the compass the Moon is 
supposed to bear on at that time, allowing three quarters of an hour 
. foreach point. In places where it is flood at noon on the days of full 
and change, the tide is said to flow north and south, or at 12 o'clock. 
In places where the Moon is supposed to bear 1, 2,3, 4, or more points 
to the east or west of the meridian, when it is hgh water on the same 
day,. the tide is said to flow on such a point: so if the Moon is sup- 
posed to bear S. E. at flood, it is said to flow 8S. E. and N. W. or 
3 hours before the Moon comes to the meridian, that is, at 9 o'clock; 
if she bears $. W. it flows 8S. W. and N. E. or at 3 hours after the 
southing, and in like manner for other points of the Moon’s bearing. 
But this absurd custom of reckoning the tides by the bearing of the 
Moon should be exploded as founded in error; for the Moon takes a 
greater or less portion of time in passing over any given number of 
points of the compass. 

In some places it is high water on the shore, or by the ground, 
while the tide continues to flow im the stream or offing; and accord- 
ing to the length of time it flows longer in the stream than on the 
shore, itis said to flow tide, and such part of tide, allowing 6 hours 
to a tide. ‘Thus 3 hours longer in the offing than cn the shore, 
makes tide and half tide; an hour and a half longer makes tide and 
quarter tide; three quarters of an hour longer makes tide and half 
quarter tide, &c. 

The common method of finding the time of high water at any place 
is contained in the following partiqulars. , 


OF FEAP YEAR. 

The length of the solar year being nearly 365 days 6 hours, and 
the common year containing only 365 days, one day is added every 
fourth year to the month of February, making that year contain 
366 days, which is called bissextile, or leap year, and is found as - 
follows: 

To find the Leap Year, 


iE. Divide the given year by 4, and if there be no remainde 
it is leap year; but if 1, 2, or 3 remain, they shew that it is so many 
years atter leap year. 

Examrpte. The year 1830, divided by 4, gives 457, and the re- 
mz-nder 2, which shews that it is the second year after leap year. 
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OF THE GOLDEN NUMBER. 


The Moon is ohserved to go through all her variety of aspects, 
with respect to the Sun, in the course of 19 years, so that at the end 
of that period, which is culled the Zunar cycle, the new and full 
Moons return on thé same days of the Month, and nearly at the same 
hours. ‘The year of the lunar cycle is called the Golden Number (from 
its having been formerly annexed to the Calendars in golden charac- 
ters) and at the birth of Christ was 1; hence the following rule. 


To find the Golden Number. 


Rute. Add 1 to the given year, and divide the sum by 19; the 
remainder will be the golden number. 

Exampe ce. Required the goiden number for the year 1830. 

Add 1 to the year 1830, ‘and it makes 1881; this divided by 19, 
gives 95 for the quotient, and leaves 7 for the remainder, which is 
the golden number for the year 1830. 


OF THE EPACT. 


The Epact is the Moon’s age at the beginning of the year: it 
increases 11 every year, being the excess oi the solar year of 365 days, 
above the lunar year of 354 days, or 12 lunations, ahd goes through 
all its varieties in a period of 19 years: hence it happens that the 
same golden number has always the same epact, that is, when the 
solden number isl, the epact is 0; when 2, the epact is 11; when 
3, 22, &c. and as the golden number at the birth of Christ was x 
we have the following general rule. 


To find the Epact. ‘ 

Rute. Divide the given year by 19: multiply the remainder by 11, 
and the product will be the epact, if it does not exceed 29; but if 
it does, divide the product by 30, and the last remainder will be the 
epact. 

Ex MPLE. Required the Epact for the year 1830. 

1830, divided by 19, gives 96 for the quotient, and 6 for the 
remainder, which multiplied by 11, gives 66; this, divided by 30, 
gives the quotient 2, and the remainder 6; which remainder is ihe 

epact for the year 1830. 


OF THE NUMBER FOR THE MONTH. 


The Number, or Epact for the month, is the Moon’s age at the be- 
ginning of that month, when it is new Moon on the first of January ; 
hence, 


To find the Number of any given Month. 
Rute. Divide the number of days contained in the preceding 
months, reckoning from the beginning of January, by 20.5, or 
rather 29.53 (the period of a mean lunation in days and decimai 
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parts) and the nearest whole number to the remainder is the Epact, 
or nuinber for the month required. | 

Examp.e. Required the Number, er Epact, for September. 

The days contained between the beginning of January and the 
beginning of September are 243; this number, divided by 29.53, gives 
the quotient 8, and the remainder 6.76, or 7 nearly, which is the 
Epact for September. 

The Epacts, or Numbers for each month, are as follow. 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
In common years... 0 I O I 2 Bin ed 5 7 z 9 9 
In leap years ......0 2 I Be Bil) hy ge ON O'R FOC ae 


OF THE MOON’S AGE. 


The Moon’s age is the number of days that have elapsed since the 
last change, or the new Moon, and never exceeds 30. 


To find the Moon’s Age. 


Rute. To the epact of the year add the number for the month 
and the day of the month; the sum, if it does not exceed 30, is the 
Moon’s age; but if it does, subtract 30 from it, and the remainder 
will be the Moon’s age. 

Example. Required the Moon’s age on July 24, 1830, 

19) 1830 ( 96 Epact for 1830 4 
I7I 


6 
Number for the month . 4 
—. Day of the month : 24 


120 Fig 33g 
114 34 
an, 30 
Maly 6 The Moon’s age . 4 Days 
30) 66(2 
60 


The Epact for 1830 =6 


ON THE MOON’S SOUTHING. 


The Moon’s southing is the time she passes the meridian of any 
place, which is about 48 minutes, or + of an hour later every day: 
now as the moon comes to the meridian with the Sun on the day of 
new Moon, the time that she comes to the meridian after the Sun on 
any day of her age, is easily found as follows: 


To find the time of the Moon’s southing, or passage over the Meridian. 


Reve. Multiply the Moon’s age by 4, and divide the product by 5; 
the quotient will be the hours, and the remainder multiplied by 12, 
the minutes past noon that the Moon comes to the meridian. Or 
multiply the moon’s age by 8, and point off the right hand figure, 
then the left hand figure or figures will be the hours, and the pro- 
duct of the mght hand figure by 6, the minutes past noon of the 

Moon’s southing. If the hours exceed 12, subtract that time from 


TIDES. 167 


them, and the remainder will be the time of the Moon’s southing 
after, ‘midnight. 

Examp Le I. Required the time of the Moon’s southing, July.1, 
1830. 


Epact for 1830. ° 6 Moon’s age ‘ ) tr Days’ 
Number for the month . 4 4 
Day of the month I eke 
Sey ; 5)44(4 
Moon’s age ; . 11 Days 12 
Moon’s southing 8h. 48m. P.M. 


Examece II. At what time will the Moon pass the meridian, 
October 24 1829, 


Epact for 1829 25 Moon’s age . : 26 Days 
Number for the month , 7 28 
Day of the month ‘ 24 — 
a Th 20,8 
56 ) 
39 Ss aE 
— Moon passes merid. 20h. 48m. P.M. 
Moon’s age ’ . 26 Days 12), 0 


Or 8h. 48m. A.M. 


To find the time of High Water at any place on any given day of the 
Moon’s Age. 


METHOD 1. 

Rus. To the time of the Moon’s southing on the given day add 
the time of high water at the given place on the full and change 
days; (taken from Table XLIIT.)their sum is the time of high Water 
at the place, past noon on the given day. If this sum exceed 
12 hours 24 minutes, which is the interval between each succeeding 
tide, subtract 12 hours:24 minutes from it; or if it exceed 24 hours 
48 minutes, subtract 24 hours 48 minutes from it, and the remainder 
will be the time of high water in the afternoon of the given day. 

Exampte I. Required the time of high water at London, June 11, 
1829. 


Epact for 1829 ° ; 25 Moon’s age June rr, 1829 . 9g Days 
Number for June ; . 3 4 
Day of the month , ‘ II —_— 
a 5)36(t 
39 parish 
30 Moon’s southing . ram. 
——— Time at Landon (Table xuUDs 46 
Moon’s age é : g Days 
High Water at London . 9 58 


Exampte II. At what time will it be high Water in the Downs, 
September 24, 1828. 


Epact for 1828 PerW Yn cag Moon’s age, September 24,1828 16 Days 
Number for September’ . 8 , 28 
Day of the month . + 24 


fats 48m. 
46 Time at Downs (Table XLMDit I 4 5 
3° 
vik 2405.93 
Moon’s age re 14 Days Subtract the time ofa tide = 12 24 


— ee 


High water in the Dowus . 11 39 
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The preceding method of finding the time of high water, which is 
that usually practised at sea, is founded on the supposition that the 
interval between the Moon’s passing the meridan and the time of 
high water is always the same; but we have already observed, in the 
theory of the Tides, that the Sun brings on the tides sooner in the 
first and third quarters of the Moon, and later in the second and 
fourth quarters, than if they were produced by the influence of the 
Moon only: henee it will be subject to an error on this account ; 
besides which the Moon’s age, as above found, will frequently be 
more than a day, and the Moon’s southing above an hour wide of the - 
truth. We have therefore given a second and third method: the 
second will be found very expeditious and easy, but the third, in 
which the Moon’s position with regard to the Sun aud her distance 
from the Earth are taken into account, is recommended, as it will 
seldom deviate many minutes from the truth, unless when the tides 
are greatly influenced by the winds. | 


TaBLe A. Tasie B. 


MONTHS. CORRECTIONS 


YEARS. Sept]Nos 


Mar|May|June|July|/Aug o be added to the Time of 
HicuH Water at full aad 
change. 


As the new and fall Moons happen on the same days of each 
Month at the expiration of nineteen years (:ze page 165) ‘Table A, 
which is calculated for that period, will answer du-ing the present 
century, by changing the years after 1840; thus for 1822 write 
1841, for 1823 write 1842, and so on in a regular succession to 1859; 
and when these years are elapsed, begin again wiin i860, Xe, 
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METHOD II. 


Rute. To the number found in Table A, answering to the given 
year in the left side column, and the given month at the top, add the 
day of the month; the sum will be the Moon’s age on the given day, 
if it does not exceed 29; but ifit does, subtract 3O from it, and the 
remainder will be her age: then opposite the Moon’s age, in Table B, 
will be found a number of hours and minutes, which added to the 
time of high water at the given place on full and change days, their 
sum will be the time of high water at the place, past noon on the given 
day, from which subtract 12h. 24m, or 24h. 48m, as before, if it 
exceeds those times. 

Exampte I. Required the time of high water at London, on 
March 13,1829, 

In Table A, opposite 1829, and under March, standsthe number 26, 
to which add 13, the day of the month, their sum is 39, from which 
subtract 30, and the remainder 9 isthe Moon’s age. Now in Table B, 
opposite the Moon’s age 9, stands 6b. 58m. to which add 2h. 46m., 
the time at London on full and change days, (taken fromTable X LITT) 
their sum 9h. 44m. is the time of high water at London on March13, 
1829, in the afternoon. 

Examp.e II. At what time will it be high water in the Downs on 
September 21, 1831 ? 


he m@ 

The Moon’s age, by Table A, is 16 days; opposite to which in ; 
Table B is : : : ° : 12 48 
High water in the Downs, full and change days, (Table XLIII.) . Ir 15 


24 20 
12 24 


High water in the Downs, September 21st, 1831 : . 1r 36P.M. 
METHOD ITIlf. 


Rute. Find the time of the Moon’s passing the meridian on the 
given day, in page VI. of the month in the Nautical Almanac, and 
reduce it to the time of her passing the meridian of the given place 
by Table XVI.; with this time, and the Moon’s semidiameter from 
page VII. of the Nautical Almanac, take out the corresponding cor- 
rection from Table XV.*, which add to, or subtract from, the ahove 
time, as directed in the Table; to the sum or remainder add the time 
of high water at the given place on full and change days (Table 
XLII.) and the sum will be the time of high water past noon of the 
given day. But if the sum exceed 12h. 24m. or 24h, 48m. subtract 
those times from it, and the remainder will be the time of high water, 
in the afternoon, nearly. 

But should greater accuracy be required, proceed thus: 

If the above sum be more than 12 hours, and less than 24 hours, the 


4 
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time of high water found as above, will be that on the following morn- 
ing; in this case, therefore, to find it for the afternoon of the given day, 
diminish tie Moon’s passage over the meridian of the ship by half 
the difference of the passages on the given and preceding days; then 
proceed as before; rejecting 12 hours from the result. Again, if 
the above sum be greater than 24 hours, it wiil be the time of high 
water after noon of the following day ; when this is the case, dimi- 
nish the Moon’s passage over the meridian of the ship by the whole 
difference between the passages on the given and preceding days, 
and proceed as before, rejecting 24 hours from the result. 

When the time of high water is found for the afternoon of the 
given day, the time of high water on the preceding morning may be 
found by subtracting 24 minutes from it, or, on the following morn- 
ing, by adding 24 minutes to it. * 


Examrre I. Required the time of high water at Falmouth, on 
October 23d, 1830. 


h. m, 
Moon’s passage over the meridian by Nautical Almanac ; er a. 
Correction for that time and Moon’s semidiameter 15’ (Table XV*) - — I 4 


{ 
AAT 
Time of high water at Falmouth, full and change days, (Table XLIII.) . 5 30 


Time of high water at Falmouth, October 23d, 1830 ‘ ° 9 41 P.M. 


Examete IJ. Required the time of high water at Calcutta, in 
longitude 88° 28’ E. on January 7th, 1830. 


h. m, 

Moon’s passage over the meridian of Greenwich, January 7th, by 
Nautical Almanac : : z . Io 656 
Correction to daily var. 55m. and longitude 88° 28’ E. (Table XVI.) . — 13 


Time of Moon’s passing the meridian of Calcutta : fe) 
Correction to that time and Moon’s semidiameter 15’ 39” (Table XV.*) + 0 19 


I 
Time of high water at Calcutta, full and change days (Table XLITI.) . 3. 5 


14 7 
12 24 
Time of high water at Calcutta, January 7th, 1830 ; : 1 43P.M. 
24 
Time of high water at Calcutta on the following morning : 2 7AM. 
Time of high water at Calcutta on the preceding morning é 1 19 A.M. 


* It is to be observed that the above methods give the times of high water in solar or 
apparent time, to which therefore the equation of time (taken from page II. of the montle 
in the Nautical Almanac), must be applied, to reduce them to mean time, or that shewn 
by a watch. 
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Examr.e III. Required the time of high water at Halifax, in 
longitude 63° 32’ W. on August 13th, 1830. 


ih, m 

Moon’s passage over the meridian of Greenwich, August 13th, by 
Nautical Almanac 20 27 
Correction to daily var. 55m. and longitude 63° 32W, (Table XVI.) . + Io 


Time of Moon’s passing the meridian of Halifax 20 37 
Correction for that time and Moon’s semidiameter 15’ 4d” (Table XV*). + 21 
‘ 20 58 
Time of high water at Halifax, full and change, (Table XLIII.) 5%" 30 
28 «28 
24 48 

Time of high water at Halifax, August 13th, 1830 i 3 40P.M. 


The last two Examples may be worked more correctly as follows ° 


Exampte II. Required the time of high water at Calcutta, in 
longitude 88° 28’ Kast, on January 7th, 1830. 


h. m. 
Moon’s passage over the meridian of Greenwich, January 7th, by 
Nautical Almanac Io 56 
Correction to daily var. 55m. and longitude 88° 28’ E, (Table XVI.) . —- 3 
Time of Moon’s passing the meridian of Calcutta . 10 43 
Half the diff. of passages on the given and preceding days ° —. 24 
Io 16 
Correction to roh. 16m. and Moon’s semidiameter 15’ 39” (Table XV.*) . + 22 
10 638 
Time of high water at Calcutta, full and change, (Table XLIII.) . 3 = «5 
| 13 43 
Subtract A . . ° ° 12 
Time of high water at Calcutta, January 7th, 1830 : t 43PM 


ExampeceE IIL. Required the time of high water at Halifax, in longi. 
tude 63° 32’ W. on August 13th, 1830. 

. m. 
Moon’s passage over the meridian of Greenwich, August 13th, by 

Nautical Almanac 20 27 
Correction to daily var. 55m. and ‘longitude 63° 32’ W. (Table XVI.) . + 10 


Time of Moon’s passing the meridian of Halifax, August 13th : 20 37 
Difference of passages on the given and preceding days . — 55 
Time of Moon’s passing the meridian of Halifax, August 12th . 19 42 
Correction to that time and Moon’s semidiameter 15’ "48" (Table XV.*).— 8g 
; 19 34 
High water at Halifax, full and change, (Table XLIII.) e 7 30 
; 27,4 
Subtract ease . z a4 


Time of high water at Halifax, August 13th, 1830 . 3 4PM. 
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To find the time of high water ut a-gtoen place on the full and change 
days of the Moon, when the time of high water is known at that 
place on any other day. : 


Rune. Reduce the time of the Moon’s passing the meridian of 
Greenwich, found in page VI. of the month in the Nautical Almanac, 
to the time of her passing over the meridian of the given place, by 
“Table XVI; to this time apply the correction from Table XV*, and 
subtract the result from the observed time of high water on the given 
day ; the remainder will be the time of high water at the given 
place, on full and change days. 

But should the time to be subtracted be greater than the observed 
time of high water, from the time of the Moon’s meridian passage 
over the given place, subtract half the difference of two successive 
passages, and then proceed as before, adding 12 hours to the ob- 
served time of high water. Again, should the time to be subtracted 
be still the greater, take the whole difference of two successive pas 
sages from the time of the Moon’s passing the meridian of the place, 
and proceed as before, adding 24 hours to the observed time of high 
water. 

EXaAMPLeE 1. 

Suppose that in the harbour of Rio Janeiro, in South America, 
June 27th, 1880 the time of high water should be at 6h. 54m. m the 
afternoon ; required the time of high water on the full and change ' 


days of the Moon. 

h m. 

Moon’s passage over*the meridian of Greenwich, June 27th, 1830, by ‘ 
Nautical Almanac . 4 . 5§ 43 

Correction to daily var. 42m. and longitude 43° 3'W.(TableXVI) . + 5 


ene ee 


Time of Moon’s passing the meridian of Rio Janeiro : 48 
Correction to that time, and Moon’s semidiameter 14’ 52” (Table XV.*) — 59 
' 4 49 
‘Observed time of high water ; : sehr these 6 54 
Time of high water at Rio Janeiro, on full and change days . 2 §P.M. 


Exame_e II. 


Suppose that in the harbour of New York, on February 8th, i850, 
the time of high water should be at 9h. 2im. P. M. required the tame 
of high water on the full and change days. 


h, m 

Moon’s passage over the meridian of Greenwich, February 8th, 1830, 
by Nautical Almanac 4 : . 12 $1 
Correction to daily var. 44m. and longitude 74° 5’ W. : a 
Time of Moon’s passing the meridian of New York, February 8th 13 0 
Half the difference of successive passages de isis agian ¥ 
12 38 
Correction to 12h. 30m. and Moon’s semidiameter 14/ 56” (Table XV.*) — 11 
13 97 
Observed time of high water 4+ 12 hours é : : . a 


en ee 


Time of high water at New York, full and change days ° 8 54P.M, 


DESCRIPTION AND USE 


OF 


HADLEY’S QUADRANT. 


Ir is generally allowed that we are indebted to John Hadley, Esq. 
for the invention, or at least the first public account, of that 
admirable instrument, commonly called Hadley’s Quadrant, who, in 
the year 1731, first communicated its principles to the Royal Society, 
which were by them published soon after in their Philosophical 
Transactions; before this period the Cross Staff, and Davis’s 
Quadrant, were the only instruments used for measuring altitudes at 
sea, both very imperfect, and liable to considerable error in rough 
weather; the superior excellence, however, of Hadley’s Quadrant, 
soon obtained its general use among seamen, and the many improve- 
ments this instrument has received from ingenious men at various 
times, have rendered it so correct, that it is now applied, with the 
greatest success, to the important purposes of ascertaining both the 
latitude and longitude at sea. | 

Figure 1, Plate VIII. is a representation of Hadley’s Quadrant ; 
the principal parts of which are, the Octant, or Frame asc; the 
Arch, or Limb wc; the Index p; the Nonius, or Vernier Scale =; 
the Index Glass r; the Fore Horizon Glass gc; the Back Horizon 
Glass n; the Shades, or Dark Glasses 1; and the Sight Vanes 
K and L. 

The Ocranv or Frame, is generally made of ebony, or other hard 
wood, and consists of an arch firmly attached to two radii or bars 
AB, Ac, which are strengthened and bound by the two braces m and n, 
in order to prevent it from warping. 

The Arcu or Limp, although only the eighth part of a circle, is, 
on account of the double reflection, divided into 90 degrees, numbered 
0, 10, 20, 30, &c. from right towards the left ; these are subdivided 
into 3 parts, containing each 20 minutes, which are again subdivided 
into single minutes, by means of a scale at the end of the Index. 
The arch extending from 0 towards the right hand is called the arch 
of excess. 

The Inpex is a flat brass bar, that turns on the center of the instru- 
ment; at the lower end of the Index there is an oblong opening: to 
one side of this opening a Nonius scale is fixed, to subdivide the divi- 
gions of the arch; at the bottom, or end of the Index, there is a piece 
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of brass which bends under the arch, carrying a spring to make the 
Nonius scale lie close to the divisions; it is also furnished with a 
screw, to fix the Index in any desired position. 

Some instruments have an adjusting or tangent-screw, fitted to the 
Index, that it may be moved more siowly, and with greater regu- 
larity and accuracy than by the hand; it is proper, however, to 
observe, that the Index must be previously fixed near its right posi- 
tion by the above-mentioned screw, before the adjusting screw is put 
in motion. 

The Nonivs is a scale fixed to the end of the, Index for the pur- 
pose, as before observed, of dividing the subdivisions on the Arch into 
Minutes; it sometimes contains a space of 7 degrees, or 21 subdivi- 
sions of the limb, and is divided into 20 equal parts; hence each 
division on the Nonius will be one-twentieth part greater, that is, one 
minute longer than the divisions on the Arch; consequently, if the 
first division of the Nonius, marked 0, be set precisely opposite to 
any degree, the relative position of the Nonius and the Arch must be 
altered one minute before the next division on the Nonius will coin- 
cide with the next division on the Arch; the second division will 
require a change of two minutes, the third of three minutes, and so on, 
till the 20th stroke on the Nonius arrives at the next 20 minutes on 
the Arch; the O on the Nonius will then have moved exactly 20 
minutes from the division whence it set out, and the intermediate 
divisions of each minute have been regularly pointed out by the 
divisions of the Nonius. 

The divisions of the Nonius scale are in the above case reckoned 
from the middle towards the right, and from the left towards the 
middle; therefore the first 10 minutes are contained on the right 
of the 0, and the other 10 on the left. But this method of reckon- 
ing the divisions being found inconvenient, they are more generally 
counted, beginning from the right hand towards the left; and then 
20 divisions on the Nonius are equal to 19 on the limb, consequently 
one division on the Arch will exceed one on the Nonius by one-~ 
twentieth part, that is, one minute. . 

‘The 0 on the Nonius points out the entire degrees and odd twenty 
minutes subtended by the objects observed; and if it coincides with 
a division on the Arch, points out the required angle; thus, suppose 
the 0 on the Nonius stands at 25 degrees, then 25 degrees will be the 
measure of the angle observed, if it coincides with the next divi- 
sion on the left hand, 25 degrees 20 minutes is the angle; if with 
the second division beyond 25 degrees, then the angle will be 
25 degrees 40 minutes; and so on in every instance where the 0 on 
the Nonius coincides with a division on the Arch; but if it does not 
coincide, then look fora division on the Nonius that stands directly 
opposite to one on the Arch, and that division on the Nonius gives 
the odd minutes to be added to that on the Arch nearest the right- 
hand of the 0 on the Nonius; for example, suppose the Index 
division does not coincide with 25 degrees. but that the next division 
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to it on the Nonius ts the first coincident division, then is the ree 
ui Angle 25 degrees | minute; if it had been the second division, 
the Angle would have been 25 degrees 2 minutes, and so on to 20 
minutes, when the 0 on the Nonius would coincide with the first 20 
minutes on the Arch from 25 degrees. Again, let us suppose the 
Oon the Nonius to stand between 50 degrees and 50 degrees 20 
minutes, and that the 15th division on the Nonius coincides with a 
division on the Arch, then is the angle 50 degrees 15 minutes. 
Further, let the 0 on the Nonius stand between 45 degrees 20 minutes 
and 45 degrees 40 minutes, and at the same time the 14th division 
on the Nonius stahds directly opposite to a division on the Arch, then 
will the Angle be 45 degrees 34 minutes, i 

The lnprx Guass is a plane speculum, or mirror of glass quick- 
silvered, set in a brass trame, and so placed that the face of it is 
perpendicular to the plane of the instrument, and immediately over 
the center of motion of the Index. This mirror being fixed to the 
Index moves along with it, and has its direction changed by the 
motion thereof. 

This glass is designed to reflect the image of the Sun, or any 
other object, upon either of the two horizon glasses, from whence 
it is reflected to the eye of the observer. The brass frame, with the 
glass, is fixed to the Index by the screw r; the other screw s serves 
to place it in a perpendicular position, if by any accident it has been 
put out of order. 

The Horizon Guasses are two small speculums on the radius 
a B of the Octant; the surface of the upper one is parallel to the 
Index glass when the 0 on the Nonius is at 0 on the Arch; these 
mirrors receive the rays of the object reflected from the Index glass, 
and transmit them to the observer. The fore horizon glass @ is only 
silvered on its lower half, the upper half being transparent, in order 
that the direct object may be seen through it. The back Horizon 
glass is silvered at both ends; in the middle there-is a transparent 
slit, through which the Horizon may be seen. Each of these glasses 
isset in a brass frame, to which there is an axis; this axis passes 
through the wood work, and is fitted to a lever on the under side of 
the quadrant, by which the glass may be turned a few degrees on its 
axis, in order to set it parallel to the Index glass. 

To set the glasses perpendicular to the plane of the quadrant, 
there are two sunk screws, one before and one behind each glass: 
these screws pass through the plate on which the frame is fixed into 
another plate, so that by loosening one and tightening the other of 
these screws, the direction of the frame, with its mirror, may be al- 
tered, and thus be set. perpendicular to the plane of the instrument. 

The Dark Guasses, or SHapes, are used to prevent the bright 
rays of the Sun, or glare of the Moon, from hurting the eye at 
the time of observation; there are generally three of them, two red, 
und one green. ‘They are each set in a brass frame which turns on 
a center, so that they may be used separately or together, as the 
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brightness of the object may require. The green glass may be 
used also alone, if the Sun be very faint; it is likewise used in taking 
observations of the Moon; wher these glasses are used for the fore 
observation, they are fixed as in Figure 1, but for the back observa- 
tion, they are removed to 0. | 

The Stcut Vanes are pieces of brass, standing perpendicular to 
the plane of the instrument: that one which is opposite the fore 
horizon, is called the fore Sight Vane, the other the back Sight Vane. 
There are two holes in the fore Sight Vane, the lower of which, aad 
the upper edge of the silvered part of the fore Horizon glass, are 
equidistant from the plane of the instrument, and the cther is opposite 
to the middle of the transparent part of that glass; the back Sight 
Vane has only one hole, which is exactly opposite to the middle of 
the transparent slit in the Horizon glass to which it belongs 


ADJUSTMENTS OF HADLEY’S QUADRANT. 


The several parts of the Quadrant being liable to be out of order 
from a variety of accidental circumstances, it is necessary to examine 
and adjust them, so that the instrument may be put into a proper 
state previous to taking observations. 

An instrument properly adjusted, must have the Index glass and 
Horizon glasses perpendicular to the plane of the Quadrant; the 
plane of the fore Horizon glass parallel, and that of the back Ho- 
rizon glass perpendicular to the plane of the Index glass, when the 
© on the Nonius is at O onthe Arch: hence the Quadrant requires 
five adjustments, the first three of which being once made, are not 
so liabie as the last two to be out of order: however they should all 
be occasionally examined in case of accident. 


1 To set the Plane of the Index Glass perpendicular to that of the 
Instrument. 


Place the Index near to the middle of the Arch, and holding the 
Quadrant in a horizontal position, with the Index glass close to 
the eye, look obliquely down the glass, in such armanner that you 
may see tne Arch of the Quadrant by direct view, and by reflection 
at the same time; if they join in one direct line, and the Arch seen 
by reflection forms an exact plane, or strait line, with the Arch seen 
by direct view, the glass is perpendicular to the plane of the 
(Quadrant; if not, it must be restored to its right position by lvosen- 
ing the screw er, and tightening the screw s, or vice versa, by 
tightening the screw s, and releasing the screw R. 


iI. To set the Fore Horizon Glass parailel to the Index Glass, the 
Index being at 0. 


Set the 0 on the Nonius exactly against O on the Arch, and fix 
it there by the screw at the under side. Then, holding the Quadrant 
vertically, with the Arch lowermost, look through the Sight Vane x, 
at the edge of the sea, or any other well defined and distant object. 
Now, if the Horizon in the silvered part exactly meets, and forms 
one continued line with that seeu through the unsilvered part, the 
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Horizon glass is perallel to the Index glass. But if the Horizons do 
not coincide, then loosen the hutton-screw in the middle of the lever, 
en the under side of the Quadrant, and move the Horizon glass on its 
exis, by turning the nut at the end of the adjusting lever, till you have 
made them perfectly coincide; then fix the lever firmly in this situa- 
tion by tightening the button-screw. ‘This adjustment ought to be 
repeated before and after every observation. Some observers adopt 
the following method, which js called finding the Index error. Let 
the Horizon glass remain fixed, and move the Index till the image 
and object coincide ; then observe whether 0 on the Nonius agrees 
with 0 on the Arch, if it does not, the number of minutes by which 
they differ is to be added to the observed altitude or angle, if the O on 
the Nonius be to the right of the 0 on the Arch, but if to the left of 
the 0 on the limb, it is to be subtracted. 

It has already been observed, that that part of the Arch beyond 0, 
towards the right hand, is called the Arch of excess: the Nonius, 
when the 0 on it is at that part, must be read the contrary way, or, 
whach is the same thing, you may read off the minutes in the usual 
way, and then their complement to 20 minutes will be the real 
number, to be added to the degrees and minutes pointed out by the oO 
on the Nonius. 


Ill. To set the Fore Horizon Glass perpendicular to the Plane of 
the Quadrant. 


Having previously made the above adjustment, incline the Quad- 

rant on one side as much as possible, provided the Horizon continues 
to be seen in both parts of the glass; if when the instrument is thus 
inclined, the edge of the sea seen through the lower hole of the Sight 
Vane continues to form one unbroken ‘line, the Horizon glass is per- 
—fectly adjusted; but if the reflected Horizon be separated from that 
seen by direct vision, the speculum is not perpendicular to the plane 
of the Quadrant: then if the limb of the Quadrant is inclined 
towards the Horizon, with the face of the instrument upwards, and 
the reflected sea‘appears higher than the real sea, you must slacken 
the screw before the Horizon glass, and tighten that which is behind 
it; but if the reflected sea appears lower, ‘the contrary must be per- 
formed. Care must be always taken in this adjustment to loosen one 
screw before the other is screwed up, and to leave the adjusting screws 
tight, or so as to draw with a moderate force against each other. 

Pihis adjustment may be also made by the Sun, Moon, ora Star; in 
this case the Quadrant is to be held in a vertical position; if the 

image seen by reflection appears to the right or left of the object seen 

directly, then the glass must be adjusted as before by the two screws: 

this will be further explained in the use of the Sextant. 

it will be necessary, atter having made this adjustment, to examine 

if the Horizon glass still continues to be parallel to the Index glass, 

as sometimes by turning the sunk screws the plane of the Horizon 
glass will have its position altered. 
Aa 
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IV. To set the Back Horizon Glass perpendicular to the Plane of 
the Index Glass, 0 on the Nonius being at O on the Arch. 


Let the 0 on the Nonius be put as much to the right of O on the 
Arch as twice the dip (taken from Table V.) amounts to: hold the 
Quadrant in a vertical position, and apply the eye to the back Sight 
Vane 1; then if the reflected Horizon, which will appear inverted, 
or upside down, coincide with that seen direct, the glass is adjusted ; 
otherwise the screw in the middle of the lever on the under side of 
the Quadrant must be slackened, and the nut at its extremity turned 
till both horizons coincide. 


V. To set the Back Horizon Glass perpenarcular to the Plane of the 
Quadrant. 


This adjustment is performed by holding the Quadrant nearly 
parallel to the Horizon, and directing the sight through the back 
Sight Vane; then, if the true and reflected Horizons appear in the 
same strait line, the glass is perpendicular to the plane of the instru- 
ment, but if they do not coincide, turn the sunk screws in the pedestal 
of the glass till both appear to form one strait line. 


USE OF HADLEY’S QUADRANT. 


The use of the Quadrant is to ascertain the Angle subtended by 
two distant objects at the eye of the cbserver; but principally to 
observe the altitude of a celestial object above the Horizon: this is 
pointed out by the Index, when one of the objects seen by reflection 
is made to coincide with the other, seen through the transparent part 
of the Horizon Glass. 

There are two different methods of observing altitudes with a Quad- 
rant; one is when the observer's face is directed towards the celestial 
body, and it is brought down by reflection to that part of the Horizon 
immediately under it; the Altitude is in this case said to be taken by 
a fore observation: the other method is when the observer’s back is 
towards the object, and it is brought over to the opposite part of the 
Horizon, and is thence called a back observation. ‘This latter method 
of observing is very seldom used, and is requisite only when the 
Horizon under the object is broken by adjacent shores, or rendered 
indistinct by fogs, or any other impediments. 


To take an Altitude of the Sun, Moon, or a Star, by a ForeObservation. 


Having previously adjusted the instrument, place the O on the 
Nonius opposite toO on the Arch, and turn down one or more of the 
screens, according to the brightness of the Sun; then apply the eye 
to the upper hole in the fore Sight Vane, if the Sun’s image be very 
bright, otherwise to the lower, and holding the Quadrant vertically, 
look directly towards the Sun, so as to let it be behind the silvered 
part of the Horizon giass, then the coloured Sun’s image wiil appear 
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on the speculum; move the Index forwards till the Sun’s image, 
which will appear to descend, just touches the Horizon with its 
lower or upper limb; if the upper hole be looked through, the Sun’s 
image must be made to appear in the middle of the transparent part 
of the Horizon glass, but if it be the lower hole, hold the Quadrant so 
that the Sun’s image may be bisected by the line joining the silvered 
and transparent parts of the Horizon glass. 

The Sun’s limb ought to touch that part of the Horizon immedi- 
ately under the Sun, but as this point cannot be exactly ascertained, 
it will be therefore necessary for the observer to give the Quadrant 
a slow motion from side to side, turning at the same time upon his 
heel, by which motion the Sun will appear to sweep the Horizon, 
and must be made just to touch it at the lowest part of the Arch; the 
degrees and minutes then pointed out by the Index on the Limb of 
the Quadrant will be the observed altitude of that limb which is 
brought in contact with the Horizon. 

In this manner the altitude of the Moon, or a Star, may be taken 
by a fore observation, remembering that when the Moon is the ob- 
ject her enlightened side is to be brought to the Horizon, whether 
it be the upper or lower limb. 

When the meridian or greatest altitude is required, the observa- 
tion should be commenced a short time before the object comes to 
the meridian; being brought down to the Horizon, it will appear 
for a few minutes to rise slowly; when it is again to be made to co- 
incide with the Horizon by moving the Index forward; this must 
be repeated until the object begins to descend, when the Index is to 
* be secured, and the observation to be read off. 

Nore. For the methods of finding the time of the Moon’s, ora 
Stars, passing the meridian, see the cxplanation to Tables XIII. 
XV, and XVI. 


To take an Altitude of the Sun,,Moon, or a Star, by a Back Ob- 
servation. 


Place the dark glasses in the hole near the back Horizon glass, and 
turn one or more of them down, according to the brightness of the 
Sun, then looking through the back Sight Vane towards that part 
of the Horizon opposite the Sun, the Quadrant being held vertical- 
ly, move the Index till the Sun’s image is seen on the silvered part 
of the glass, and giving the Quadrant a slow vibratory motion, the 
Sun will appear to describe an Arch with its convex side upwards; 
bring one of the limbs in contact with that part of the Horizon seen 
through the transparent slit, when it is in the upper part of this 
Arch, and the degrees and minutes pointed out by the Index will be 
the altitude of the other limb, for in the back observation the image 
of the object is inverted. In the same manner the altitude of the 
Moon, or a Star, may be taken, observing to bring the enlightened 
limb of the Moon in contact with the Horizon. 


‘ aoe. 4 . ? fis r , i\4 ai 


OF FINDING THE 


LATITUDE BY OBSERVATION. 


Tue Latitude of a place is its distance from the equator, either 
north or south, and is measured by an arch of a meridian contained 
between the zenith and the equinoctial: hence, if the distance of any 
heavenly body from the zenith when on the meridian, and its declina- 
tion, or number of degrees and minutes it is to the northward or 
southward of the equinoctial, be given, the Latitude may thence be 
found. 

The meridian zenith distance of an object is found either from its 
altitude taken when on the meridian, or from one or two altitudes 
observed when out of the meridian. | 

Altitudes of the Sun or Moon taken at sea require four corrections, 
in order to obtain the true altitude of their center: these are for semi- 
diameter, dip, refraction, and parallax*. When the altitude of a Star 
is observed, the corrections for dip and refraction only are to be 
applied. The parallax of the Sun ora Planet being but a few seconds - 
is seldom noticed in finding the Latitude at sea. 


T 0 find the Latitude of a Place by the meridian Altitude of the Sun. 


Rue. To the observed altitude of the Sun’s lower limb add the 
Sun's semidiameter (16 minutes) ; but if the upper limb be observed, 
subtract it; from this sum or remainder subtract the dip answering to 
the height of the eye, (found in Table V.) when the altitude is taken 
by a fore observation ; or add it in a back observation ; and the result 
will be the apparent altitude of the Sun’s center. 

From the apparent altitude of the Sun’s center subtract the refrac- 
tion answering to that altitude, taken from Table [V. ft and the re- 
mainder will be the true altitude of the Sun’s centert; or, when the 

Ititude of the Sun’s lower limb is observed, by a fore observation, 
the correction for the joint effect of the semidiameter, dip, refrac- 
tion, and parallax, may be taken at once from Table IX. 

Subtract the true altitude of the Sun’s center froin 90°, and the 
remainder will be the Sun’s true meridian zenith distance, which is 
to be called north or south, according as the observer is north or” 
south of the Sun, at the time of observation. , .: 

Take the Sun’s declination from Table X. and reduce it to the 
meridian of the Ship, (when the Longitude is considerable) by 


A 


* For an explanation of these corrections see page 150, &c. 

+ The refraction ought in strictness to be taken out for the apparent altitude of the 
observed limb ; that is, for 16 minutes less than the apparent altitude of the center 
when the lower limb is observed, or 16 minutes more, when the upper limb; but the 
error, amounting to no more than a few seconds, and that only in low altitudes, will 
nou be material in correcting altitudes taken at sea. 

¢ It is a custom among seamen to add 11 or 12 minutes to the observed altitude of the 
lower limb (being the difference between the semidiameter and ihe dip) and to omit 
the correctiou for refraction altogether; but this neglect will frequentiy produce an 
error of several miles in the Latitude, especially when the meridian altitude is small, 
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Table XI, noting whether it be north or south. Then if the zenith 
distance and declination be both north or both south, add them to- 
gether; but if one be north and the other south, subtract the less 
from the greater, and the sum or difference will be the Latitude, of 
the same name with the greater. 

Nore. If it be required to work the observation to seconds the 
Sun’s semidiameter is to be taken from page ITI. of the month in the 
Nautical Almanac ; the declination from page II. of the same, and the. 
latter reduced to the meridian of the Ship by Table XXI. When 
the horizon under the Sun is obstructed by land, the dip is to be taken 
from Table VIII. 


EXAMPLE I. EXAMPLE II. 

June 18, 1828, the meridian altitude of | September 21, 1829, in longitude 609 E. 
the Sun’s lower limb was 43° 18’, the ob- the meridian altitude of the Sun’s lower 
server being north of the San, and his eye limb was 56° 26’, the observer being south 
elevated 18 feet above the surface of the of the Sun, and the height of his eye 26 feet: 
sea: required the latitude of ‘the place of required the latitude. 


obervation. 
oO 
Obs. alt. Sun’s lower limb fers 18 Obs. alt. Sun’s lower limb: : 56 26 
Sun’s semidiameter 5 i + 16 Semidiameter + 16’ a Sing 
. Dip of hor. . = § 

Obs. alt. Sun’s center. 43 34 | 

Dip of the horizon e7..“-. -— 4 App. alt. Sun’s center 4 56 37 
Refraction . cS eameeg 

App. alt. Sun’s center | , 43 30 

Refraction of ess — 1 True alt. Sun’s center 56 36 

go 
True alt. Sun’s center J 43 2 } 
go Sun’s zenith distanee 4 33 24: S, 

Sun’s declination ie i? in: 0 48 N 

Sun’s zenith distance " 46 31 N. Corr. for long. - + 4 ? 

Sun’s declination ih a> 23 26N Sida it 
Latitude . ° 32 30 S. 

Latitude é 69 57 N. 

EXAMPLE III. EXAMPLE IV. 


nuar 1328, in longitude 116°W. the December 25, 1829 in longitude 35° W, 
iGdden cstiene the Sun’s upper limb the meridian altitude of the Sun’s lower 
was 69° 14/ south, the observer being about limb, by a back observation, was 16° 28 
3 miles from the land under the Sun, andhis south, the height of the eye being 20 feet: 
eye clevated 22 feet: required the latitude. required the latitude. 


ar? Oo 4 

Obs, alt. Sun’s uppet limb , 69 14 14 Obs. alt. Sun’s lower limb 16 28 
Semidiameter — 16’ U__ i Semidiameter ; + 16! + 20 
Dip @FableWVIIl.)) «0. — 5 J” Dip ‘ . + 4 

" App. alt. Sun’s center ca 68 53 App. ait. Sun’s center , 16 48 
Refraction ° ‘ — o Refraction . . — 3 
True alt. Sun's center - 68 53 S. True alt. Sun’s center A 16 45 S. 

go go 

Sun’s zenith distance FE a1 7N. suns paws distance Be) as N. 
Sun’s declination 22° 12! _ Sun's declination 23° 25 : 
Cont the ie , = 3 $27 08. Corr. for long. — o }a3 < siace 


Latitede > ° 5 wpe S. Latitude < P 4) 50 ™ 


_—- = — es. r 1 Ss te op Se ee 
ae Be i RE SR ees 
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EXAMPLE V 
May 29th, 1830, in longitude 30° West, 
the meridian altitude of the Sun’s lower 
limb was observed to be 65° 42’ 30", the ze- 
nith being north of the Sun, and the height 
of the eye 24 feet: required the latitude, 
’ i 
Sun’s declin. by Naut. Alm. . at 35 14 N. 
Corr. for long. 30° W.(XXI.) 4+ 0 49 
Sun’s reduced declination . 21 36 3N. 
Obs. alt. Sun’s lower limb . 65 42 30 
Sun’s semid. by Naut. Alm. . + 15 48 


Obs. alt. Sun’scenter . 65 58 18 
Dip of the horizon . — 442 
App. alt. Sun’scenter . 65 53 36 
Retraction s 4 ° -- 25 
True alt. Sun’scenter . 65 53 11 
go 
Sun’s zenith distance 24 649N 
Sun’s reduced declination . 21 36 3N. 
Latitude 3 . 45 42 52N. 


EXAMPLE VII. 


August 22 1830, in longitude 8° West. 
the meridian -altitude of the Sun’s lower 
limb was 77° 49/ 30, the observer being 
south of the Sun, the height of the eye 30 
feet and the Index error 1/ 30’ to be add- 
ed*; required the latitude. 

Sun’s declin. by Naut. Alm. 1 33 27 N. 
Corr. forlong. 8° W. (XXI)— 0 27 
Sun's reduced declination . 11 53 ON. 
Obs. alt. Sun’slower limb . 7 49 30 
Index error to be added + 1 30 


Corr. obs.alt.Sun’slowerlimb 77 51 0 
Corr. fromTableIX. 10'.22= +4 I0 12 


True alt. Sun’s center 48 I 12: 
go 

Sun’s zenith distance E Ir 58 48S. 

Sun’s reduced declination . 11 53 ON. 

Latitude é 3 o 5 48S. 


Index error to be subtracted — 


BY A MERIDIAN ALTITUDE. 


EXAMPLE VI. - 


November 21, 1830, in longitude165° E, 
the meridian altitude of the Sun’s lower 
limb was observed to be 47° 36’ 45” S. the 
height of the eye being 18 feet: required 
the latitude. 


oO / u 
19 53 198. 
5 §2 


Sun’sdeclin. by Naut. Alm. . 
Corr. for long. 165°E. (XXI.) 


Sun’s reduced declination . 19 47 27 8S. 


Cwik ” 
Obs. alt. Sun’s lower limb . 47 36 45S. 


Sun’s semid. by Naut. Alm. . + 16 13 
Obs.alt.Sun’scenter . 47 52 58 
Dip of the horizon — 44 
App. alt. Sun’s center - 47 48 54 
Refraction : ° ; —_ 51 
True alt. Sun’scenter . 47 48 3 
go 
Sun’s zenith distance .' 42 tr 57 N, 
Sun’s reduced declination . 19 47 2758. 
Latitude. ° . 22 24 30 N. 


EXAMPLE VIII. 


October 12th, 1830, in longitude 30° E, 
the meridian altitude of the Sun’s lower 
limb was 89° 54’ 30% from the south point 
of the horizon, the height of the eye being 
12 feet, and the Index error 2’ 0” to be sub- 
tracted*: required the latitude. 


Sun’s declin. by Naut. Alm. . 9 18 40 Ss. 
Corr. for long. 309 E.(XXI.) — 1 52 


7 16 48S. 
Obs. alt. Sun’s lower limb . 89 


Sun’s reduced declination . 
; a“ 
54 308. 
2 0 


Corr. obs. alt.Sun’s lower limb 89 52 30 
Corr. from Table IX. 12’.7 = 4+ 12 42 


Zenith distance ; - 
Sun’s reduced declination . 


Latitude : A! : 


* When the horizon Glass of the Instrument has not been adjusted so as to be pa” 
rallel to the Index Glass when 6 in the nonius is at 0 in the arch, the observed aliiiude 


is to be co: rected tor the Index Error.—See 
Sextant. 


description and use of the Quadrant or 


& 
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< 


To find the Latitude by the meridian Altitude of a Siar.* 


Rute, Take out the Star’s declination from Table XIV. and reduce 
it to the time of observation. From the observed altitude of the Star 
subtract the dip and refraction taken from Tables IV. and V. and 
the remainder will be the Star’s true altitude, which subtracted from 
90° will give the zenith distance: to be called north or south, ac- 
cording as the observer is north or south of the Star at the time of 
observation. : 

Then, if the zenith distance and declination be both north or both 
south, add them together; but if one be north and the other south, 
subtract the less from the greater, and the suin or difference will be 
the Latitude, of the same name with the greater. 


EXAMPLE I. EXAMPLE II, 


January 24, 1830, about 8 o’clockin the . July 16, 1830, about 3 o’clock in the 
evening, the meridian altitude of the Star morning, the meridian altitude of the Star 
Aldebaran was 52° 36’, the observer being Fomalhant, was 73° 36’ south, the height 
north of the Star, and the height of hiseye of the eye being 24 feet: required the la- 


20 feet: required the latitude. titude. 
° ‘ 6 ’ 
Declin. of Aldebaran, 1820 . 16 8 20 N. Declin. of Fomalhaut, 1820 . 30 34 26 S. 
Ann. var. +7”.95 XIO= + I 20 Ann. var. —19”.loxI0ok== — 3 at 
Dec.of Aldebaran,Jan.1830 . 16 9 40N, Dec.ofFomalhaut,July1830 . 30 31 5S 
Oo 
Obs. alt. of Aldebaran . . 52 36 Obs. alt. of Fomalhaut 79 36 os 
Dip of horizon — 4 Dip of horizon af — 442 
App. alt.of Aldebaran . 52 32 App. alt.of Fomalhaut . 73 31 18 
Retraction : 3 - — I Refraction . ; = 16 
True alt. of Aldebaran . 52 31 True alt. of Fomalhaut . 73 31 2 
go go 
Star’s zenith distance - . 37.29 N. Star’s zenith distance - 16 28 58N, 
Star’s declination 2 16 10N.. Star’s declination : +. 30. SiGe 


Latitude . . 53 39 N. Latitude . ° . 14,2 78. 


To find the Latitude by the meridian Altitude of a Planet. 


Rue. From the observed altitude of the planet subtract the dip 
and refraction, to obtain the true altitude, which subtracted from 90° 
will give the zenith distance as before, and under this set the declina- 
tion; then the sum or difference of the zenith distance and declination, 
according as they are of the same, or contrary names, will give the 
latitude of the same name with the greater. 

Nore. The declination of the planets, and the time of their passing 
the meridian, are given in page IV. of each month in the Nautical 


* For the method of finding the time of a Star’s passing the meridian see the ex- 
planation to Table XILI. also the explanation to Table XV. where directions are given 
for finding what Star is on or near the meridian, and for observing its altitude, 
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BY A MERIDIAN ALTITUDE. 


Almanac for every sixth day ; but may be found for any intermediate 


day by taking proportional parts. 


EXAMPLE I. 


March 13th, 1830, the meridian altitude 
of Saturn was 53° 37, the observer being 
north of the planet, and the height of his 
eye 17 feet: required the latitude. 

In page IV. of March, in the Nautical 
Almanac, the time of Saturn’s passage over 


EXAMPLE II. 


On June 17th, 1830, the meridian alti- 
tude of Jupiter was 52° 26’ N. the height 
of the eye being 10 feet: required the la- 
titude. 

In page IV. of June, the time of the pla- 
net’s passage over the meridian is-about 


the meridian is gh. 26m. P. M. and his de- 


2h. A. M.; his declination on the 13th, is 
Clination 18° 15’ N. 


22° 37'S. and on the rgth, 22° 42'S. ; hence 


oy the difference in 6 days is 5’; therefore, as 
Obs. altitude of Saturn y 53 37 6 days : 5‘: : 4days : 3’, which, added 
Dip of horizon . . cae to 22° 37’ (because the declination is in- 
Refraction f : ett creasing) gives 22° 40’, the declination of 
Jupiter on June 17th. 
True altitude of Saturn é 5399 6 8 
go Obs. altitude of Jupiter 52 20N, 
Dip of horizon , — 3 
Zenith distance : 36 28N. Refraction : oe 
Declination ‘ ; 18 ISN. - 
True altitude of Jupiter . 52 22 
Latitude ° ° 54 43N. ! go 
Zenith distance . 37 38S 
Declination ° ° 22 408. 
Latitude : : ' 60 188. 


To find the Latitude by the meridian Altitude of the Moon. 


Rue. 1. In page VI. of the month, in the Nautical Almanac, find 
the time of the Moon’s passing the meridian of Greenwich on the 
given day, which reduce to the time of her passing the meridian of 
the ship by Table XVI. 

2. Turn the ship’s longitude into time by Table XIX. and add it 
to the above time, if the longitude be west, but if it be east, subtract 
it: the sum or difference will be the time at Greenwich when the 
Moon passes the meridian of the place of observation. - 

3. From page VII. of the month, in the Nautical Almanac, take 
out the Moon’s semidiameter and horizontal parallax, and reduce 
them to the time at Greenwich*; and to the semidiameter add the 
Moon’s augmentation, taken from Table VII. 


* The Moon’s horizontal parallax and semidiameter are reduced to the time at 
Greenwich thus: take them out for the nearest noon or midnight before and after the 
reduced time, and find their difference; then say, as 12 hours is to the difference in 
12 hours, so is the reduced time since the preceding noon or midnight, to a propor- 
tional part; which being added to or subtracted from the horizontal parailax at the 
preceding noon or midnight, according as it is increasing or decreasing, will give them 
reduced to the time of observation; or the proportional parts may be taken out by 
inspection from Table XLI. But, in general, it will be sufficiently ¢xact to take them 
out for the nearest noon or midnight, without applying the proportional parts, 
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4. Add the difference between the Moon’s augmented semidta- 
meter and the dip to the observed aliitude, if the lower limb be ob 
served ; or subtract their sum if the upper limb was taken; the sum 
or remainder, will be the apparent altitude of the Moon’s center, 

-5. Take out the correction from Table XXX. answering to the 
Moon’s apparent altitude and horizontal parallax, and add it to the 
apparent altitude; the sum will be the true altitude of the Moon's 
center, which, subtracted from 90 degrees, will give the zenith dis- 
tance, to be called north or south, according as the observer is north 
or south of the Moon; under this set the declination, taken from 
page VI. of the month in the Nautical Almanac, and reduced to the 
time at Greenwich by Table XVIII. + Now, the sum or difference 
of the zenith distance and declination, according as they are of the 
same or contrary names, will give the latitude of the place of obser- 
vation, of the same name with the greater. 


EXAMPLE I, 


May 1, 1830, in longitude 84° E. the meridian altitude of the 
Moon’s upper limb was 67° 36'S. the height of the eye being 21 feet: 


required the latitude. 


h. m. Moon’s hor. parallax atnoon . 54/54" 
Moon’s pass. over merid. Greenw. 7 46 ‘ te 
Correction ‘Table XVI. : — if Obs. alt. Moon’s upper limb . 67 368. 


“)~)’s semid. at noon 14’ 58" 
Augmentation ; + 15 


Moon’s pass. oyer merid. Ship . 7 35 
Longitude in time (X1X.) + & 30E. 


Moon’s augm. semid. 15 13 } 


Time at Greenwich A I 59 Dip of horizon ; 4 23 Te 
Moon’s declin. atnoon sy. 10 A N. App.alt.of Moon’s center . 67 16 
Moon’s declin. at midn. 8 25N. Corr. Table XXX. ° ‘ + 21 
Variation in 12 hours I 40 True alt. of Moon’s center . 67 39 
, go 

Moon’s declin. at noon o Io 5N 
Corr. forth.sgm.Table XVIII. — 17 Zenith distance 5 22 23N. 

* oe Moon’s declination ; ‘ 9 48N. 
Moon’s reduced declination . 9 48N. a 


Latitude . : " ° 32 11Ne 


EXAMPLE I. 


July 11, 1830, in longitude 75° W. the meridian altitude of the 
Moon’s lower limb was 55° 43’ N. the height of the eye being 18 feet : 
required the latitude. 


+ When great accuracy is required, the declination should be reduced to the time 
at Greenwich, as directed in the explanation to Table XXXIV.; and that further cor- 
rected by the equation of second difference, as shewnin !xplanation to Table XX XIX, 
but the latter correction is seldom necessary for the cummon purposes of navigation. 


ms Bs 


ade 
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h. m. 
Moon’s pass. overmerid.Greenw.17 5 


Correction Table XVI. ‘ + 11 
Moon’s pass. over merid. Ship . 17 16 
Longitude in time (XIX.)  . 5 ow. 
Time at Greenwich - ae Cee ot 
12 
Ditto after midnight 1o 16 
Oo 7 


Moon’s declin. at midn. July tr . o 148. 
Moon’s declin. at noon, July12 . 2 IN. 


Variation in 12 hours 215 


Moon’s declin. at midn. July 11 . ° 14 Ss. 
Corr. for 10h. 16m. Table XVIT1. — 1 55 


Moon’s reduced declination I 41N. 


BY A MERIDIAN ALTITUDE. 


Moon’s hor. par. at noon, July 12 . 59’ 10” 


Obs. alt. Moon’s lower limb. 55 43.N 
Moon’s semid. at noon 16’ 7” 
Augmentation ; + 13 
Moon’s augm. semid, 16 aA “ 
Dip of horizon . 4 4§ 7 % 
App. alt. of Moon’s center ~. 55 55 
Corr. Table XXX. ‘ ‘ 32 
True alt. of Moon’s center . £6 27 
go 
Zenith distance . . 33 33S. 
Moon’s declination . ° I 41N. 
Latitude . oy 31 528. 


EXAMPLE III. 


November 9th, 1830, in longitude 11° East. the meridian altitude 
of the Moon’s upper limb was 79° 56’ 45" N the height of the eye be- 
ing 18 feet, and the error of the Instrument 2’ 30" to be added: re- 


quired the latitude. 


h.m. 
Moon’s pass. over merid. Greenw. 20 27 
Correction Table XVI. : — I 
Moon’s pass. over merid. Ship . 20 26 
Longitude in time (XIX.) . o 44 E. 
Greenwich time . ° IQ 42 

12 
Ditto after midnight 4 42 
p ’sDec.mid.gth.6 5 41 N. 
-———noon,1oth. 4 12 14N. 

——— Const.L.8.8239 

Var.in12hours.1 53 27- P.L. 0.2005 


Greenwich time 7h. 42m.- P.L. 1.3688 


Var. in 7h. 42m. r 12 47 At sf 


0.3932 
D’s Dec.mid.gth.6 . 5 41 N i 


)’sdec.Gr.time 4 52 54N. 


Moon’s reduced hor. parallax 54’ 47" 

ms 
Obs. alt. Moon’s upper limb . 79 56 45 N. 
Index error . - - 2 30 
Corr. obs.alt. Moon’s up.limb 79 59 15 
)’s reduced semid. 14'55" 
Augmentation . + I5 
p’s augm. semid. 15 10 ' ss 
Dip of horizon 44 we Be 
App. alt. of Moon’s center . 79 40 I 


Corr. Table XXX. ° + 9 40 

True alt, of Moon’s center . 79 49 41 
go 

Zenith distance . TO 10 19S. 

Moon’s declination 4 52 54N. 

Latitude . ° 5 17 258. 


To sina the Latitude by a meridian Altitude below the Pole. 


When the complement of the declination of an object is less than 
the latitude of a place, and they are both of the same name, the ob- 
ject comes to the opposite meridian without setting at that place, 
and in this case is said to be on the meridian below the Pole; if the 
altitude be then taken, the latitude may thence be found as follows : 

Ruce. Correct the observed altitude as before, and to the true al- 
titude add che complement of tine declination, (found by subtracting 
the declination from 90°:) the sum will be the latitude, of the same 


name with the declination, 
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“ EXAMPLE I. 

June 29, 1830, the meridian altitude of 
the Sun’s lower limb, at midnight, was 
6° 40’, the height of the eye being 20 feet: 
required the latitude. 


° 
Obs. alt. Sun’slowerlimb . 6 30 
Semidiameter . + 16! £19 
Dip of horizon ~— 4 

App. alt. Sun’s center Q 6 42 
Refraction ; — 8 
True alt. of Sun’s center 6 34 
Co. declination (Tab. X.) 66 44 N 


Latitude 7313.N. 


To find the Latitude by an Altitude of the Polar Star. 
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EXAMPLE II. 

May 10, 1830, about 10 o’clock in th 
evening, the altitude of the polar Star 
when on the meridian below the Pole, was 
46° 30’; the height o. the eye being 30 
feet: required the latitude. 


Obs. alt. of Polar Star 6 30 
Dip of horizon : — 5 
App. alt. of Polar Star . 46 25 
Refraction ‘ : — I 
True altitude of Polar Star . 46 24 
Co. declination (Table XIV.) 1 36N 
Latitude 48 é N 


Rute. To the Sun’s right ascension, taken from Table XIV.* add 


the time since noon when the altitude was observed: their sum, 
(rejecting 24 hours, if it exceeds that quantity), will be the right 
ascension of the meridian, with which enter Table XIII.* and add the 
corresponding correction to, or subtract it from, the Star’s true alti- 
tude, as directed in the Table; the sum or remainder will be the 
Latitude, always North. 


EXAMPLE I. 
May 21, £830, the altitude of the Polar 
Star was observed to be 50918’, at 10h.15m. 
past noon, the height cf the eye being 20 


EXAMPLE II. 
December 30, 1830, at 6h. 30m. past 
noon, the altitude of the Polar Star was 
27° 36. the height of the eye being 30 


feet; required the latitude. feet: required the latitude. . 
h. m. h. m, 
Sun’s right ascension, May 21 - 3 51 Sun’s right ascension, Dec.30 . 18 37 
Time of observation . ‘ 10 15 Time of observation “ 6 30 
Right ascension of meridian. 14 6 25 7 
Subtract ; 24 
Right ascension of meridian mF 
o , 
Obs, alt. of Polar Star : . 50 18 Obs. ait. of Polar Star a7 36 
Dip of the horizon —4Qd. _ Dip of the horizon -— 5 
Refraction . o— TI § 5 Refraction ‘ -— 2 a 
Star’s true altitude i 50 13 Star’s true altitude : f 27 29 
Corr. froin Tab. XIII.* to be added 1 32 Corr. from Tab. XIII.* to be sub. — 36 


Latitude s 51 45 Latitude “ : 


The above method of finding the latitude by the polar Star is on- 
ly an approximation, and may deviate two or three minutes from the 
truth; but, from its extreme simplicity, is well adapted to the prac- 
tice of seamen, in cases where an error of a mile or two can be no 
material object ; other methods have been given which require much 
calculation, and are therefore here omitted. 

The nearer the Star is to the meridian, either above or below the 
pole, when the ohservation is made, the less will be the error in lati- 
tude, arising from an error in the supposed time. The time of the 
Star’s passing the meridian may be easily obtained by consulting 
Table XV.; see also the explanation to that Table. 
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To find the Latitude by two observed Altitudes of the Sun, and the trme | | 
elapsed beiween the observations ; having also the Latitude by account, 
and the Sun’s declination when the gr eater Altitude was taken. 


Rure.—1. To the log. secant of the latitude by account (KXV.) 
add the log. secant of the Sun’s declination; their sum, rejecting 20 
from the index, call the log. ratio. 

2. From the natural sine of the greater altitude (XK XVI.) subtract 
the natural sine of the less altitude, and set the logarithm of their 
difference (X XIV.) under the log. ratio. 

3. Take out the logarithm answering to half the elapsed time 
{X XVII.) and set it likewise under the log. ratio. 

4, Add these three logarithms together, and find the middle time 
corresponding to the sum (XXVIII.) the difference between which, 
and the half elapsed time, will be the time from noon when the 
greater altitude was observed. 

_ §. From the log. rising answering to this time (X XIX.) subtract 

the log. rativ, and the remainder will be the logarithm of a natural 
number (XXIV. ;) which being found and added to the natural sine 
of the greater altitude, their sum will be the natural co. sine of the 
meridian zenith distance. (XXV TI.) 

6. Having the meridian zenith distance, the latitude is to be found 
in the usual manner. 

7. If the latitude thus found differs considerably from the latitude 
by account, the operation is to be repeated, using the computed lati- 
tude instead of that by account, until the latitude last found agrees 
nearly with the latitude used in the computation*. 


Remarks on the Times of Observation. 


The observations must be taken between nine o’clock in the morn- 
ing and three in the afternoon. If both observations be in the fore- 
noon, or both in the afternoon, the elapsed time must not be less than 
the time from noon when the greater altitude is taken. . If one obser- 
vation be taken in the forenoun, and the other in the afternoon; the 
interval must not exceed four hours and a half; and in all cases the 
nearer the greater altitude is to noon the better. 

If the Sun’s meridian zenith distance be less than the latitude, the 
limitations are still more contracted. If the latitude be double the 
meridian zenith distance, the observation must be taken between half 
past nine in the forenoon, and half past two in the afternoon; and the 
interval must not exceed three hours and a half. The observations 
must. be taken still nearer to noon, if the latitude exceed the meridian 
zenith distance in a greater proportion. 


* Dr. Brinkley, Professor of Astronomy in the Uhivetally of Dublin, has published a 
get of Rules for solving this problem, which are annexed to the Nautical Almanac for 
the year 1822. 
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EXAMPLE I. 


May 22, 1828, in latitude 41° 45’ N. by account, at 11h. 28m. in the 
forenoon, the true altitude of the Sun’s center was 67° 16’, and at 
12h 24m. 40s, it was 68° 24’: required the true latitude. 


Times. Altitudes, Nat. Sines. Lat. by ace. 41° 45’ . See. 0.12723 
trh 28m o8 , a4 16 “ies © 92231 Declination 20 26 . Sec. 0.02822 
13 24 40 68 24 92978 plies 

—— Log. ratio , ° O.15*45 
© $6 40 Diff. 747 . Log. ° A 2.87332 

Oo 28 20 Half elapsed time ‘ ~ Log. . ‘ 0.90899 
© 9g 55 Middle time ; ° : ° Log. ‘ 3.93776 
© 18 25 Time from noon : ‘ Log. rising : ; 2.50879 
Log. ratio e 8 0.15545 

Natural number . 226 , Log. 2235334 


Natural sine of greater alt. . 92978 


Nat. co. sine of mer. zen. dist. 93304==21° 15’N. 
Declination 20 26N. 


Latitude 41 4t N. 


EXAMPLE II. 


August 9, 1828, in latitude 50° 40' N. by account, at 11h. 36m. 20s. 
in the forenoon, the altitude of the Sun’s lower limb was 53° 18’; and 
at 1h. 13m. 53s, in the afternoon, its altitude was 51° 59’, the height 
of the eye being 26 feet: required the true latitude. 


First observed altitnde $3 18 — Second observed altitude ST 59 
Semidiameter o> 16’ ee Semidiameter . + 16 ie se 
Dip.ofhorizon .— § f Dip. of-horizon = »— § 
53: 29 52 10 
Refraction . . ; — I Refraction ‘ . ween F 
| True altitude : : 53 28 True altitude ° 3 $2 9 
Times. - Altitudes. = Nat. Sines. Lat. by acc. 50° 40’ . Sec. 0.19803 
rah om of. 53° 28! v. BOase Declination 15 50 . Sec. 0.01680 
% 6 4 a 4 e 8 62 RS 16 hat araat, 
res ae aes ae: ! Log. ratio ©. 21483 
23.. 31 Diff. 1389 te Log. : 3.14270 
tT 13° «53 
I 37. 24 Elapsed time SER eae 
O° 33 42 Half elapsed time . - ‘ ‘ Log. 0.67592 
© 12 23 Middle time : : ° : Log. ° 4+03345 
“O36 19 Time from noon’ oe : ° Log. rising : 3.09787 
Beet? abe > Mee Log. ratio ; 0.21483 
Natural number . 764 a: ga Log. 2.88304 


Natural sine of greater ait. . 80351 


Nat, co. sine of mer. zen. dist. 811152735° 47’N. 
‘ Declination 15 s5oN. 


Latitude SI 37 N 
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As the latitude resulting from this computation differs 57’ from the 
latitude by account, the operation must be repeated, using the lati- 
tude last found, instead of the latitude by account. 


Latitude last found ~. 51° 37’ » Sec. 0.20697 


Declination . ;  1§. 50.) S€c: , O.OfORO." 

. Log. ratio é 0.22377 
Difference of Natural Sines 1389 ; : Log. , 3.14270 
Half elapsed time - oh 48m qos : : Log. 2 0.07592 
Middle time -. a pO cama ss 5 : ‘ Log. as 4-04239 
Time from noon o 36 4 : Log. rising ° 3.09187 
Log. ratio : 0.22374 

Natural number . : 138 BN ARE Log. ° 2.86310 


Nat. sine of greater alt. : 80351 


Nat. co. sine of mer. zen. dist. 81089—=35° 49/N. 
Declination 15 50 N. 


Latitude 51 39N. 


As this latitude differs only 2 miles from the latitude by the first 
operation, it may therefore be esteemed the true latitude. 

In the preceding examples both observations were supposed to be 
taken in the same place; butas this is seldom the case, it will be 
necessary, when the ship is making much way, and the elapsed time 
is considerable, to correct the less altitude, in order to find what it 
would have been, had it been taken at the place where the greater 
altitude was observed; which is to be done as follows: 

Let the bearing of the Sun be observed by compass, at the time of 
‘taking the less altitude, and find the number of points contained 
between that and the ship’s course by compass, between the observa- 
tious, corrected for leeway, if she makes any, which subtract from 16, 
when it is more than 8 points; likewise compute the distance run 
during the elapsed time: with these enter Table I. and find the cor- 
responding difference of latitude, which will be the cerrection for the 
change’of station. 

If the less altitude be observed in the forenoon, the correction is to 
be added to it, if the above angle be less than 8 points; but when 
it is more, to be subtracted. 

If the less altitude be observed in the afternoon, the correction is to 
be subtracted, if the angle is less than 8 points; but when greater, 
it is to be added to the less altitude. 

The less altitude being thus corrected, proceed according to the 
rule, and the result will be the latitude of the ship when the greater 
altitude was observed. 
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EXAMPLE IIL. 


November 10, 1829, latitude by account 32° 30’ N. at 9h. 30m. the 
altitude of the Sun’s lower limb was 28° 14’, the bearing of its center 
by compass being S. E.3 E.; and at 11h. 17m. 42s. the altitude of the 
upper limb was 39° 8’; the height of the eye being 18 feet, and the 
ship’s course between the observations S, b. E. running 7 ‘knots per 
hour; required the latitude of the ship at the time of the latter 
observation. 


The elapsed time between the observations is nearly 1 hour 48 minutes, and her rate of 
sailing 7 miles per hour; therefore, as 5 hour : 7 miles :: rh. 48m, : 12 miles, the distance 
run between the observations. 

Sun’s bearing at first observation S. E.}E.orS. 4} Pts. E 
Ship’s course during the elapsed time S.b.E.or S$. 1 Pt. E. 
Angle between them . 3% Pts. which’ being 
taken as a course, and the distance run during the elapsed tirae 12 miles, as a distance, 
give in the latitude column 9 miles nearly. 


Obs. alt. Sun’s lower limb . 28° 14! 


C) 
Semidiameter . + 16’ Obs. alt. Sun’s upper limb . 3 8 
Dip. : -_— 4 en ae Semidiameter .— 16! 
——— Dip. : 2 — 4 : y hei aaa 
28 26 ene 
Refraction . ; “ — 24 38 «48 
Refraction ; . — 41 
True altitude . 2 28 24 —_——- 
Corr. for Ship’s way : + 9 True altitude : . 38 47 
Reduced Altitude . é 28 33 
Times. Altitudes. Nat. Sines. Lat. by acc. 32° 30 = Sec.-:0.07397. 
ees UGR ea? 3 9'F |.) 47993 Declination 17 10 Sec. 0.01979 
LE Gk} :A2 . 8 4 " 62638 - 
ae is ‘ a c Log. ratio ° e 0.09376 
I 47 42 Elapsed time Diff. 14845 : Log. : ‘ 4.17158 
© 53 51 Half elapsed time : . . Log. . : 0.63299 
I 33 13 Middle time : , : ; Log... : 4.89833 
° 22, Time from noon f Log. rising “ < 3.16784 
4g Log. ratio : : 0.09376 
Natural number . 1186 : : Log. . 3-07 408 
Natural sine of greater alt. . 62638 
Nat. co. sine of mer. zen. dist. 63824==50° 20'N. 
Declination 17. 10S. : : Sec. 0.01979 
Latitude 33. 10 N. . See. 0.07723 
Log. ratio ° © 09702 
h ms Diff. Nat. Sines . 14845 ; ‘ Log. ° 4.17158 
© 53 51 Half elapsed time : , : Log. . 0.63299 
I 33 58 Middle time : - - ° Log. ° 490159 
° 40 4 Time from noon ° . Log. rising ° 3.18411 
Log. ratio ° 0.09702 
Natural number . 1222 . . ° Log. . 3.08709 


Natural sine of greater alt. . | 62638 


Nat. co. sine of mer. zen. dist. 63860==50° 19/N. 
Declination 17 10S. 


Lati tude 33. g N. 
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EXAMPLE IV. 

Maik 5, 1830, in latitude 60° 10’ N. by account, and longitude 
160° W. the altitude of the Sun’s lower limb was observed to be 
19° 42’ at 10h. 4m. 20s. in the forenoon, his center bearing 8.8. E. 
by compass, and at lh. 32m. 36s. after noon it was 21° 8. The 
ship’s course during the elapsed time was N. W. b. N. sailing at the 
rate of 9 knots per hour, and the height of the eye 16 feet: required 
the latitude of the ship at the time of | taking the greater altitude. | 
Sun’s bearingat 1st obs. S.S.E.==S. 2 pts.E. Declination, March 5, 1830, . 7 20 


Ship’s course N.W.b.N.=S.13 pts.W Corr. for long. 160° W. . — 10 8 
—— Corr. for time 1° 33™ aft, n. —" 1233 
Angle between them . 15 pts. a 
These subtracted from y 16 Reduced decimation ° 5 $5 40 
Leaves I point, which, taken as a course, and the distance 
run 31 miles, give in the latitude column 30 miles. 
First observed altitude nia 19° 42° Second observed reid? 4 arog 
Semidiameter » +f 16 Semidiameter 2 +I 
Dip.of horizon .— 4 Bie Dip. of horizon =. 4 f ty ae 
St ; 21 20 
Refraction . : : — 3 Refraction ‘ . antici 
True altitude 5 : : Ig 51 True altitude i “al 13 
Corr. for Ship’s way +. ™ 30 
Reduced altitude : 19 21 
Times. Altitudes. Nat. Sines. Lat. by acc. 60° 10’ . See. 0.30323 
12h om o3 19° a1’ pie 148 RA Declination 5 56. Sec. 0.00233 
Oo) 064 «(20 aI 18 : 36325 pas Beas. 
a aa Log. ratio 0.30556 
I 55 40 Diff. 3191 : Log. . 3.50393 
BAga.2.30 
3 28 16 Elapsed time 
x 44 8 Half clapsed time oe ; Log. ; 0.35763 
o 16 §1 Middle time : ‘ Log. : 4.16712 
z 27 17 Time from noon ; . . Log. rising ° 3.85522 
Log. ratio : 0.30556 
Natural number . 3545- . . . Log. , 3. 54965 


Natural sine of greater alt. . 3632 36325 
Nat. co. sine of mer. zen. dist. 39870=266° 30'N. 


Declination 5 i SSS s. ° . Sec, 0.00233 

Latitude 60 34 34 N. ° . Sec. 0.30856 

Log. ratio . 0.31089 

h m_ s Diff. nat, sine 319% ° . : r Log. ‘ siden 
t 44 8 Half elapsed time ° . - Log. ° : °. 35763 
© 17 4 Middle time : ° . : Log. . , 4.17245 
i 27 4 Time from noon 4 . Log. rising 3.85307 
Log. ratio ‘ ©.31089 

Natural number . 3485 ; : Log. 3-$4218 


Natural sine of greater alt. . 36325 | 


Nat. co. sine of mer. zen. dist. 39810 66° 322’ N 
Declination §5 $36 S. 


Latitude 60 60 36 N. 
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EXAMPLE V. 

May 7, 1830, in latitude 29° 10’ S. and longitude by account 
110° 30 E. at 4h. 59m. 20s. by a Chronometer, the observed altitude 
of the Sun’s upper limb was 45° 33’; and at 5h. 54m, 45s. by tne 
same Chronometer, the observed altitude of his lower limb was 
42° 8' 30", at which time it bore N. 3 ¥ E. by compass, the ship’s 
course between the observations was N. W. iN. on the starboard 
tack, running at the rate of 6 knots per hour, and making 1 point 
leeway : the height of the eye being 22 feet, and the time at the me- 
ridian of the ship when the greater altitude was observed about 
Oh. 20m. P. M.: required the latitude of the ship when the first alti- 
tude was taken. 

Ship’s course by compass N. 3a pts. W. Sun’s declination, May aby N. A. 16 Ae 56 
Leeway . : I Corr. for long 1109307 E. , — § 23 
at Corr. for time, oh, zom. P.M. . + 16 


E. Sun’s reduced declination . 1640 4 


Ship’s course corrected N. 4 
Sun’s bearing . N 


° 
Bip 


Angle between them . . 5 points, and thé distance run 6 miles, give in the 
latitude column 3 miles. 


‘ uv 


° 
Obs. alt. Sun’s upper limb. 48 33 Oo Obs. alt. Sun’slowerlimb . 42 8 30 


Sun’s semidiameter —15/ 52” Q Sun’s semidiameter .-+-15/52” 
Dip of horizon . —-430 $5 ~~ 20 22 Dip of horizon > — 4 30 b+ ane t 
App. alt. Sun’s center : 45 12 38 App. alt. Sun’s center . 42 19 52 
Kefraction . : : — 57 Refraction . ‘ . pont en do 
Sun’s true altitude : , 45 11 4t Sun’s true altitude . : 42 18 49 
Corr. for Ship’s way 4 
Sun’s reduced altitude , 4215 49 
Times by Chron. Altitudes. Nat. Sines, Lat. by ace. 29° 10’ Sec. 0.05888 
Abrs@m. 208.  . 459.12’ 2. 7aa5g Declination 16 4o Sec. o. 01864 
S54" 445  - 42 16, OFRGR . 
Log ratio ° 0.07752 
C4. 55 Diff. 3699 . : Log. : 3+56808 
Oo 27 rm Half elapsed time ° : . Log. : 0.91875 
' 0 42 16 Middle time : . é Log. 7 4.56435 
© 14 34 Time from noon : ; Log rising . 2.30602 
Log ratio : 0.07752 
Natural number e905 , Log. : 2.22850 
Natural sine of greater altitude 70957 
Nat. co. sine mer. zen. dist. 71126 = 44° 4o! S. 


Declination 16 40 N. 


Latitude | 28 o S. 
By repeating the operation the latitude comes out the same as above, 


eo) , = = = _— 7 


¢ 
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: A new eet direct Method of finding the Latitude by two Altitudes of 
the Sun, the time elapsed between the observations, and the Sun’ s 
declination when the greater altitude wus observed, 


Rurr—1l. Add together the true altitudes, and take half their sum} 
subtract the less altitude from the greater, and take half their difference. 
2. Find the interval between the times of observing the two altitudes, 
which call elapsed time ; take half of the elapsed time, and reduce it to 
degrees, &c. by Table XIX. , 

3. Add together the co-secant of half the elapsed time (reduced as 
above }-) and the secané of the declination ; their sum will be the co- 
secant of arc first. 

4. Add together the co-secant of arc first, the co-sine of half the sum 
of the altitudes, and the sine of half their difference ; the sum of these 
logarithms will be the sine of arc second. 

5. Add together the secant of arc first, the sine of half the sum of the 
altitudes, the co-sine of half their difference, and the secant of arc se- 
cond ; their sum will be the co-sine of arc third. 

6. Add together the secant of arc first (already found) and the sine 
of the Aocliatans ; their sum will be the co-sine of arc fourth, when 
the latitude and declination are of the same name; but when they are 
of son names, take the supplement for arc fourth. 

. Take the sum or difference of arcs third and fourth, for ‘are 
“ifthe (See Note.) 

8. Add together the secants of arc second (already found) and are 

fifth ; their sum will be the co-secant of the Latitude. 


Nore. When the sum of arcs third and fourth is equal to, or 
greater than, 90°, their difference is always arc fifth ; but when their 
sum is less than 90°, (which will rarely happen) it may be doubtful 
whether their sum or difference ought to be taken for arc fifth. But 
the computation is soon made on both suppositions, for the ,secant 
of are fifth is the last logarithm which is taken from the Table, and° 
the other parts of the ‘calculation. are therefore not affected by the 
change; one of the results must certainly be the required Latitude, 
and the latitude by account will generally be sufficient to determine 
which of them ought to be taken. 


Remarks. 

In this method the observations should, if possible, be taken under 
the same limitations as directed in the former (page 188); these how-. 
ever may, in case of necessity, be considerably extended, if the alti- 
tudes be taken with care, the elapsed time measured by a Chronometer, 
atid the logarithms and ares taken out to the nearest second. 

In both the methods no allowance is made for the change of the 
Sun’s declination during the interval between the observations; this 


* This method of finding the Latitude by two Altitudes of the Sun, which is much 
simpler and more general than the former, was proposed by Mr. James Ivory, who has 
given an ingenious Solution of it in the Philosophical Magazine for August 1821. Mr. 
Riddle, of the Royal Naval Asylum, Greenwich, has since considerably improved Mr. L.’s 
Solution, and given a Rule, similar to the abov e, in the same work for September 1822. 

t The Log of the half elapsed time may be taken from Table XXVII. which will 
save the trouble of reducing the time to degrees, &c. 
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indeed might be done; but the operation would be more complicated 
while the omission will produce no error of consequence to the navi- 
gator, especially if the interval be not considerable. | 

It will much facilitate the operation if a formula be written out 
before the commencement of the calculation ; and it should be observed, 
that many of the logarithms may be obtained at the same opening of 
the Table; thus, the secant and sine of the declination; the secant 
and ‘co-secant of are first ; the former of which is wanted twice; the 
sines and co-sines of half the sum and difference of the altitudes ; and 
the sine and secant of arc second; these being taken out together, 
will considerably expedite the calculation. 


EXAMPLE I. (page 189.) 


Altitudes, Times. Pek 
i h. m. s. Latitude by acc. . 41 45N. 
C720). meth. joer ST 25. OA. My Declination . . . 20 26N. 


COUN 1. Feet ae O- 24140 PLM. 


° 
Sum . 135 40 half 67 50 © 56 40 Elapsed time. * 
Dif... 1 8 half: o 34 o 28 20 Half elapsed time = 7° 5’ 
Half elapsed time 9 é - Co-secant 0.90899 
Bun ered. declin 20 26 - Secant. . 0.02822 2 - .. . . . Sine’ . 954297 


Arc first . . . 6 38 - Co-secant 0.93721 - Secant 0.00292 - Secant 0.00292 
Half sum alts. . 67 50 - Co-sine . 9.57669 - Sine . 9.96665 
Half diff. alts. . o 34 - Sine. . 7.99520 - Co-sine 9.99998 


Arcsecond .. 1 51 - Sine . . 8.50910 - Secant *0.00023 


—et 


Peed ee a OL SP awl. tes. YS a Comine~ 9.96978 


Are faust P09 25 Petes 0) Co-sine 9.54589 


Are fifth . . . 48 17 - Secant . 0.17689 
Secant . *0.00023 


Latitude . . . 41 41 - Co-secant 0.17712 


EXAMPLE II. (page 189.) 


Altitudes. Times. ane 
aaa, h. m. s. Latitude by acc. . 50 40N. 
Saige be (Ae cee Bs 90- aa A.M, Declination . . . 15 50N. 


SFA Scie etree 353) 93 


‘ 


Sum . 105 37 half 52 483 I 37 24 Elapsed time. 
Dif . 1.19 half o 393 © 48 42 Half elapsed time 12° 10}! 


Half elapsed time 1? 10} - Co-secant 0.67593 


Sun’sred.declin.15 50 ~ Secant . o.o1d80 . . . «~~. . Sime . 9.43591 
Ayc first . . . 11 423 --Co-secant 0.69273 - Secant “0.00973 - Secant 0.00913 


Half sum alts. 52 483 - Co-sine . 9.78138 - Sine . g.gor25 
‘Half diff. alts. 0 393- Sine . . 8.06031 - Co-sine 9.99997 


Arc second . . 1 58 - Sine . + 8.53442 - Secant *o.00026 


PAYOUMIICLG G . 36 3B. we ww Ge Co-8iN19.9 .91061 tow 
Arc fourth .*..73 49 206 + +e he ew ew we 0, 5, Co-Bine 9.44508 


Arc fifth . . 38 18 - Secant . 0.10525 
Secant . *0.00026 


Latitude . . 58 39$- Co-secant 0.10551 


i 
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EXAMPLE III. (page 191.) 


Altitudes, Times. * 
ma h. m. 8. Latitude by acc. . 32 30N. 
OS 33. oi adie  isiives ISO iin NL Declination . . . 17 108. 


38-47 3) ee. se fa AL ag ees Whe 


Sum . 67 20 half 33 40 I 47 42 Elapsed time. 
Dif. . ro rm half 5 7 © 53 51 Half elapsed time = 13° 28’ 


Half elapsed time 13 28 - Co-secant 0.63287 
Sun’s red. declin. 17 10 - Secant . 0.01979 - - « - + + « Sine . 9.47005 


Arc first . . . 12 51 - Co-secant 0.65266 - Secant 0.01102 - Secant 0.01102 
Half sum alts. . 33 40 - Co-sine . 9.92027 - Sine . 9.74379 
Half diff. alts. . 5 7 - Sine . . 8.95029 - Co-sine 9.99827 
Arc second . . 19 30 - Sine « . 9.52343 - Secant *o.02565 
Arcthird. . $3 Bs te ete eae) se) Cossine "9.79874 


Arc fourth . 107 37=-(180°—72° a3) . + 2 + ee ss « Co-sine 9.48107 


Are fifth “: .°. 54 33 - Secant . 0.23658 
Secant . *0.02565 


Latitude . . 33 gN. - Co-secant 0.26223 


EXAMPLE IV. (page 192.) 


Altitudes. Times. Sy 
iaay h. m. s. Latitude by acc. . 60 ION. 
19 Qh s ese YO). 4 20-4. M, Declination . . . 5 56S. 
21 1B. Me ies ste ts), 0082/30 dada 


Sum . 40 39 half 20 < 19} 3 28 16 Elapsed time. 


Difs . £57 half o 58% 1 44 8 Half elapsed time = 26° 2’ 

Half elapsed time 26 2 - Co-secant 0.35764 

Sun’sred.declin. 5 56 - Secant . 0.00233 . + « 6 « « « Sime s 9.01440 
Arc first . . . 25 53 - Co-secant 0.35997 - Secant 0.04591 - Secant o. 04591 
Half sum alts. 20-19} - Co-sine . 9.97208 - Sine . 9.54076 

Half diff. alts. o 584 - Sine . . 8.23090 - Co-sine 9.99994 

Arc second . . 2 6 - Sine . . 8.56295 - Secant *o.00029 


Are third . . 67:16 N60.) oe vie « Corsine 9.58690 
pe 
Arc fourth + . 96 3622(180°—839 24’) . . . . « . «© « « Covsine 9.06033 


Arc fifth . . 29 20 - Secant . 0.05959 
Secant *0.00029 


a eee 


Latitude . . 60 37N. - Co-secant 0.05988 
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Dr. Brinkiey’s EXAMPLE III. in Nautical Almanac 1822, 
pages 11 and 12. 


Altitudes. Times. wt 
igh h. m. s. Latitude by ace. . 6 30N, 
7O I . . ° ° . > Declination . . e 5 30 N. 
35 21 
Sum . 105 22 half 52 41 220 © Elapsed time. 


Diff. .-.34 40 half 17 20 1 10 o Half elapsed time = 17° 30! 

Half elapsed time 17 30 - Co-secant 0.52186 

Sun’sred.declin, 5 30 - Secant . 0.00200 . + « » « « « Sine : 8.98157 
Arc first » . .17 25 - Co-secant 0.52386 - Secant 0.02038 - Secant 0.0203? 
Half sum alts. 52 41 - Co-sine . 9.78263 - Sine . 9.90053 f 
Half diff. alts. 17 20 - Sine . . 9.47412 - Co-sine 9.97982 

Arc second . . 37 7 - Sine . . 9.78061 - Secant *o0.09832 

Pee aun ERA ee eo: oro. fo et le a CO-BME 9.99905 

SOMES MADE A fo eg ) o's «she fo at 8) toilet thO-SNG., Gace 


Arc fifth . . 8027 - Secant . 0.78013 
Secant *0.09832 


Latitade . . 7 36N. - Co-secant 0.87845 


“Are fifth . 88 x - Secant . 1.46081 
Secant . *0.09832 


- Latitude tts I 35N- - Co-secant 1.55913 


The sum of the third and fourth ares being less than 90°, this 
Example admits of two answers ; first, by taking the difference of the 
arcs, the Latitude comes out 7° 36’; and by taking their sum, the 
- Latitude will be 1° 35’; but it is evident that the former, agreeing 

nearly with the Latitude by account, will be the required Latitude. 
_Had this Example been worked to seconds the Latitudes would 
have been 7° 37’ 29” and 1° 33’ 3’. 


QUESTIONS FOR EXERCISE. 


I. October 20, 1830, in latitude by account 50° 9’ N. at 0h. 34m. 
the Sun’s true altitude was 29° 15’, and at 2h. 46m. it was 20° 3’; 
required the true Latitude. 


Answer 50° 8’ N. 


oo 
183 OF FINDING THE LATITUDE BY A SINGLE ALTITUDE. 


II. February 25, 1830, in latitude 49° 36’ N. by account, at 
Oh. 33m. P. M. the altitude of the.Sun’s lower limb was ¢8° 53’, ‘and 
at 2h. 43m. P. M. it was 19° 44, the height of the eye being 14 feet: 
required tne true latitude. 

Answer, 51°19’ North. 

III. July 8, 1830, in latitude 58° 25’ N. by account; and longi- 
tude 138° E. at 1ih. 2m. A. M. per watch, the altitude of the Sun’s 
lower limb was 52° 53’, and at th. 25m. P. M. the altitude. was 
52° 44’, the Sun at that time bearing S.W.b. W. by compass; the 
height of the eye being 20 feet, and the ship’s course during the 
elapsed time 8. S. W. 3 W. sailing at the rate of 8 knots per hour: re- 
quired the ship’ s true latitude at the time when the greater altitude 
was observed. 

Answer, 57° 23’ North. 

IV. August 30, 1830, in latitude 12° 43’ S. by account, and longi- 
tude 93° W. at 11h. 18m. 30s. A. M. the altitude of the Sun’s lower 
limb was 66° 9’ 30’; and at lh. 15m. 12s. P. M. it was 62°0'15", bear- 
ing at that time N. W.3 W.: during the elapsed time the ship was 
sailing S. W. b. W. at the rate of 4 knots per hour, and the height of 
the observer’s eye was 28 feet: required the latitude at the time of 
taking the first altitude. 

Answer, 11° 37’ South. we 
To find the Latitude by an Altitude of the Sun taken near the Meridian; 

having the apparent Time from Noon*the Latitude by Account, and 

the Declination. 


RuLEe—1. Correct the Sun’s observed ttt, and reduce the 
declination, taken from page II. of the month in the Nautical Almanac, 
to the time of observation. 

2. Add together the log. rising of the time fou noon (X XIX.) 

the log, co. sine of the latitude (XXV.) 
and the log. co. sine of the declination ; 
the natural number corresponding to the sum of these three logarithms 
(rejecting the tens in the index) (XXIV.) being found and added to 
the natural sine (X XVI.) of the true altitude, will give the natural co- 
sine of the meridian zenith distance, to which apply the declination as 
before, and the result will be the latitude, 

Note. The apparent time should be corrected for the longitude 
made since the error of the watch, from which the time is inferred, 
was ascertained ; by adding thereto the difference of longitude (re- 
duced into time by Table XIX. ) if east, or subtracting it if west. 


EXAMPLE IL. 

October 10, 1830, in latitude by account 46° 10' N. and longitude 
171° W.,the altitude of the Sun’s lower limb was 36° 33, at Oh. 28m. 10s, 
after noon, by a watch previously regulated, and the height of the eye 
was 17 feet: required the latitude. 


* In this method of finding the Latitude the time from noon should not exceed go 
minutes 
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Obs. alt, Sun’s lower limb . 36° 33’ Sun’s dee. Oct. 10 6° 33' 15"§ 
Semidiameter . Lip Linas Corr. for long 171° W. + = Jo 51 
Dip of horizoa -: — 4 . Corr. for time 28m. aft.n. + 27 
36 48 Reduced declination . 6 44 23 
Refraction . Ee eae GARR 333 
8un’s true altitude ‘ 36 «44 
‘Time from toon = oh_-28™_—-T08 Rising ; 237753 
Latitude by acc. 46° 10’ . . Co. sine 9.84046 
Declination Orage ie 6 tt. Co. sine : 9-99699 
Nat. number 519 Log. 2.71498 
True altitude . 36 44 . Nat. siue peed _ ie 


. Mer. gen. dist. 52 54 . Nat. co. sine 60328 
Declination . 6 44;S. 


Latitude ‘ 46 9IN. 
EXAMPLE II. 


July 3, 1850, in letitude by account 27° 50'S. and longitude 33° W, 
at 11h. 48m. 40s., A. M. by a watch whose error was previously found 
to be 7m. 30s. too fast*, the altitude of the Sun’s upper limb was 
41° 2’; the height of the eye being 21 feet, and the ship having made 


required the latitude of the place of observation. 


~~38 miles of longitude to the eastward since the watch was regulated : 


Time of observation per watch r1h 48m gos 
Watch too fast ; - = #7 30 
Time corrected for the error of watch II 4I 10 
Longitude made, in time (XIX.) + 2 32E, 
The time of observation after midnight Il 43 42 
Ue Wate Rte 
Ditto before noon July 3 . o 16 18 
Obs. alt. Sun’s upper limb . 41° 2’ Sun’s declination, July 3 23° of 10" 
Semidiameter fre 16! af Corr. for long. 33° W. —- O27 
Dip of horizon Ee Oe Corr. for time 16m. bef.n, +4 2 
40 42 Reduced declination 22 59 54 
Refraction ° — ist 
Sun’s true altitude Se AQs cat 
Time from noon . of 16™ 18" Rising ° 2.40266 
Latitude by acc. 27° 50 . Co. sine 9.94660 
Declination : 23°90 ° Co. sine 9.96403 
Nat. number 206 Log. ° 3631329 


True altltude . 40 41 Nat. sine 65188 


Mer. zen. dist. 49 9% . Nat. co. sine 65394 
Declination , 23. ON 


Latitide .. 26 «68 S. 


® See the Rules for finding the Time and Error of the Watch further on. 


OF THE 


VARIATION OF THE COMPASS. 


THe VARIATION OF THE Compass is the deviation of the points 
of the Mariner’s Compass from the corresponding points of the 
Horizon, and is termed éast or west Variation, according as the 
magnetic needle, or north point of the Compass, is inclined to the 
eastward or westward of the true north point of the horizon. 

For many years after the discovery of the compass, it was supposed 
that the needle exactly coincided with the plane of the meridian, and 
consequently that all the points of the compass agreed with the cor- 
respondent points of the Horizon. In the year 1492, Columbus first 
observed that the needle deviated from the north and south points of 
the Horizon, but still imagined this deviation was constantly the 
same: however, in 1634, Mr. Edward Gillibrand, Professor of Astro- 
nomy in Gresham College, discovered, from a comparison of his own 
observations with those of his predecessors, that the variation was 
not always the same at the same place; for in that year, he found 
that the variation of the compass, at Deptford, was 4° 4’ east, which, 
compared with the same as observed by Mr. Burrows, in 1580, at 
Limehouse, who nad found it to be 11° 15’ E., plainly shewed, that 
in the course of 54 years the variation had diminished more than 
7 degrees; in 1657, according to Mr. Bond’s observations, there was 
no variation of the compass at London; since that time the needle 
has been declining westward, and is at present about 24° 36’ West.* 

It likewise appears; from observations made in various parts of the 
world, that in different places the variation differs both as to its 
quantity and denomination, being west in some places, and east in 
others: thus, off the south coast of Ireland the variation is at pre- 
sent about 30° West, but near Cape Horn, in South America, it is 
22° East. 

But besides the deviation of the needle from the plane of thé true 
meridian, which it acquires after being touched with a magnet, it 
obtains another property called the dip; that is, although the 
needle be properly balanced beforehand, it will now lose its horizon- 
tal position, and one end will incline below the horizon while the 
other will be elevated, so that it will be necessary to attach a weight 
to the elevated end in order to restore it to a horizontal position when 
supported on the central pin; the angle that it makes with the 
horizon is called the dip of the needle ; near the: equator it inclines 
but little from the horizontal plane, but one end is depressed the more 


* According to the accurate observations of Colonel Beaufoy, made near London, the 
variation of the needle had arrived at its maximum in March 1819, when it was at noon 
24° 41' 42” West ; the Needle has since that time been retrograding, the magnetic north 
gradually inclining to the eastward, and consequently the westerly variation decreasing. 
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aus we advance towards the poles, the north end in the northern he- 
misphere, and the south end in the southern hemisphere. 

The Needle is also subject to a local attraction, resulting princi- 
pally from the masses of iron on board ship, by which it will be 
drawn more or !ess from the magnetic meridian according as the 
disturbing cause is situated with regard to the needle; this effect is 
called the abberration of the needle. Now, asa ship in traversing is 
constantly changing its direction, the iron contained therein must be 
carried by it into different positions with respect to the compass, and 
by its attraction will continually change the direction of the needle. 
If westerly variation be increased, or easterly variation diminished, 
when the ship’s head is in a westerly direction, the contrary effect 
will be produced when the ship’s head is brought round to an easter- 
ly direction, that is, westerly variation will be diminished, and east- 
erly increased ; hence it will be necessary to determine the actual va- 
riation of the compass when the ship’s head is directed to different 
points of the horizon. In the northern hemisphere, when the com- 
pass #s placed at or near the binnacle, the north point of the needle 
is attracted or drawn forward towards the ship’s head, and the south 
point in the southern hemisphere. 

The greatest abberration takes place when the ship’s head is at or 
near the east or west points, and decreases towards the magnetic 
meridian, in the proportion of radius to the sine of the angle between 
the ship’s head and the magnetic meridian. 

The most simple method of ascertaining the abberration, and from 
thence the actual variation of the compass, when the ship’s head is 
‘n any given direction, is to observe the variation when the ship’s 
head is brought alternately to the east and west points; half the sum 
of these variations will be the true variation, and half the difference 
will be the greatest abberration of the needle, arising from local at- 
traction; then to find the abberration, and from thence the actual 
variation, when the ship’s head is on any other point of the compass, 
enter a Traverse Table with the given number of points from North 
or South at the top or bottom, and the greatest abberration, reduced 
to minutes, in a distance column; opposite to which, in the corres- 
ponding departure column, will be found the abberration in minutes, 
when the ship’s head is on the given point of the compass; then if 
_ the ship be in the northern hemisphere allow the abberration to the 
right hand of the true variation, when the given point is to the east- 
ward of the magnetic meridian, or to the left hand when the given 
point is to the westward ; but the contrary to this rule is to be ob- 
served when the ship is in the southern hemisphere: the result will 
give the actual variation when the ship’s head is on the given point of 
the compass. 

Exampxe. Suppose when the Ship’s head bore East, being in 
north latitude, the observed variation was 21° 30’ W., but when the 
Ship’s head was put about to West, the observed variation was 
27° 30° W.: required the true VanAU ae independant of local attrac- 


i 


a, 
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tion, the greatest abberration of the needle, and the actual variation 
when the ship’s head is on each second point of the compass. 


; fe) ‘ ‘ oO 

Variation with Ship’s head East ‘ 21 30 W. : . aI 30 Ww. 

Variation with Ship’s head West . 27 30 W. SN : 29-1 ( 3 
2) 49 0 Pe 

True variation . : : 24 30 Greatest abberration 3 o=r180! 


‘Now to find the abberration of the needle when the Ship’s head is 
two points from the North or South, enter Table Ll. with two points 
at the top, and the greatest abberration 180’ in a distance column, 
opposite to which, in the corresponding departure column, will be 
69 =1° 9’, the abberration required; this abberration being allowed 
to the right hand when the ship’s bead is to the eastward, diminishes 
the true variation 24° 30‘ W. and therefore subtracted from it leaves 
23° 21’, the variation to be allowed when the ship’s head is N. N. E. 
or 8. 8. E.; but as the abberration is to be allowed to the left hand 
when the ship’s head is to the westward, consequently increasing the 
variation, add the above together and their sum 25° 39° will be th 
variation when the ship’s head is N. N. W. or S. S. W. | 

In the same manner the variations may be found corresponding to 
the other points of the compass. 

The variations may then be formed into a table as follows : 


crepe by Variations. | Bruen by Variations. 
North a4 30 W. South 04 30 W 
N.N.E. 23°).2% 8.8. W. 26. 4g 
N. E. ABN 23 a. We 26 37 
E. N. E. QI 44 W.S. W. 27 16 
East 35.430 West 27 30 
E. S. E. 21 44 W.N.W. 27 .16 
S..E, py Te N. W. 26 37 
8.58. E. | 23.21 if N. N. W a ) 


Hence the variations to be allowed are opposite the courses steered ; 
thus, if the ship’s head is E. N. E. the variation to be allowed is 
Q1° 44’ W., but if W.S. W. the variation'to be allowed is 27° 16’ W. 

The observations for determining the variation should be made with 
wf azimuth compass placed amidship on, or as near to, the binnacle as 
can be safely done, and the steerimg compass should be compared 
with the azimuth compass to ascertain that there is no difference in 
the direction of the needles, since the local attraction of the iron in 
the ship will affect the needle differently in different parts of it. 

The VartatTiIon @eF THE Compass is found by comparing to- 
gether the Sun’s true and magnetic amplitudes or azimuths. 

The True Ampuitupe of any celestial object is an arch of the 
Horizon contained between the true east or west points thereof, and 
the center of the object at the time of its rising or setting; or it is 


‘ 
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the degrees and minutes, the object rises or sets to the northward or 
southward of the true east or west points of the Horizon. 

The MAGNETIC AMPLITUDE, Is an arch contained between the 
east or west points of the Compass and the center of the object at 
rising or setting: or it is the bearing of the object, by Compass, when 
in the Horizon. 

The True azimurtu of an object is an arch of the Horizon con- 
tained between the true meridian ana the azimuth circle passing 
through the cenier of the object. , 

The MAGNETIC AZIMUTH, is an arch contained between the 
magnetic meridian and the azimuth circle passing throug. the center 
of the object; or it is the bearing of the object, by compass, at any 
time when it is above the Horizon. 

The true amplitude, or azimuth, is found by calculation, and the 
magnetic amplitude, or azimuth, by an azimuth compass. ; 

The following is a description of Mr. M‘Culloch’s patent azimuth 
compass, with the method of observing amplitudes, or azimuths, by 
the same. 


DESCRIPTION OF THE AZIMUTH COMPASS. 


Figure 2, Plate VIII., is a representation of the azimuth com- 
pass ready for observation. The needie in this compass is bent in 
such a manner that the point of the conical pivot, on which it 
moves and is supported, may be brought very near to the center of 
gravity, as well as to the center of motion. The card is similar to 
those of the steering compass, with this difference only, that a circu- 
lar ring of silvered brass, divided into 360°, or rather, into four times 
- 90°, circumscribes the card; b represents the compass box, which 
is brass, and has a hollow conical bottom: e is the prop upon which 
the compass is supported instead of gimbols: it stands in a brass 
socket screwed to the bottom of the wooden box, and may be turned 
round at pleasure: h is one of the guards; the other beg directly 
opposite, is hid by the box. Each guard has a slit, in which a pin, 
projecting from the side of the box, may move freely in a vertical 
direction: 1 is a brass bar, upon which, at right angles, the sight- 
_ vanes are fixed: a line is drawn along the middle of this bar; which 
line, the lines in the vanes, and the thread joining their tops, are all 
in the same plane: 2 is a coloured glass, which may be moved up or 
down the sight-vane 3; 4 is a magnifying glass moveable on the 
other vane, whose focal distance is nearly equal to the distance 
between the vanes: 5 is the nonius, or vernier, which contains six 
divisions, and as the limb of the card is divided into half degrees, 
each division of the nonius is therefore five minutes. .The interior 
surface of the nonius is ground concave to the segment of a circle 
of the same diameter as the circle of the card: 6 is a stopper, of 
screw, connected with the nonius, which serves to move the nonius 
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close to the card, and thereby prevent it from vibrating as soon as 
the observation of the amplitude, or azimuth, is completed: 7 is a 
convex lens to assist the eye in reading off the observed amplitude, 
or azimuth: 8 is a milled head by which the card may be lifted off 
the center, and prevented from vibrating when the compass is not 
wanted for use. 


USE OF THE AZIMUTH COMPASS. 


To observe the Sun’s Amplitude. 


Turn the compass-box until the vane containing the magnifying- 
glass is directed towards the Sun; and when the bright speck, or 
rays of the Sun collected by the magnifying-glass, falls upon the slit 
in the other vane, stop the card by means of the nonius, and read off 
the amplitude. 

Without using the magnifying-glass, the sight may be directed 
through the dark glass towards the Sun; and in this case, the card 
is to be stopped when the Sun is bisected by the thread in the other 
vane. 

The observation should be made when the Sun’s lower limb ap- 
pears somewhat more than his semidiameter above the Horizon, 
because his center is really then im the Horizon, although it is ap- 
parently elevated on account of the refraction of the atmosphere: 
this is particularly to be noticed in high latitudes. 


To observe the Suns Azimuth. 


Raise the magnifying-glass to the upper part of the vane, and 
move the box, as before directed, until the bright speck fall on the. 
other vane, or on the line in the horizontal bar; the card is then to be 
stopped, and the divisions being read off, will be the Sun’s magnetic 
azimuth. 

If the card vibrate considerably at the time of observation, it will 
be better to observe the extreme vibrations, and take their: mean 
as the magnetic azimuth. When the magnetic azimuth is observed, 
the altitude of the object must be taken, in order to obtain the true 
azimuth, 

It will conduce much to accuracy if several azimuths be observed, 
with the corresponding altitudes, and the mean of the whole taken 
for the observation. | 


To find the Variation of the Compass by an Amplitude. 


Ruie.—1. To the log, secant of the latitude of the ship, reject- 
ing the index (XXV.,) add the log. sine of the Sun’s declination 
(X.,) corrected for the time and place of observation (KXI.;) their 
sum will be the log. sine of the true amplitude*, to be reckoned 


* The true amplitude may likewise be found by Table XII. 
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from the east in the morning, or the west in the afternoon, towards 
the north or south, according to the declination. - 

2. ‘Then if the true and magnetic amplitudes be both north or both 
south, their difference is the variation: but if one be north and the 
other south, their sum is the variation: and to know whether it be 
easterly or westerly, suppose the observer looking towards that point 
of the compass representing the magnetic amplitude; then if the true 
amplitude be to the right hand of the magnetic, the variation is east, 
but if to the left hand, it 1s west. 


EXAMPLE f. 


Required the Sun’s true amplitude on November 6, 1828, in lati- 
tude 48° 21’. 


Latitude 48° 21’ ‘ Secant 0.17745 
Declination 16 48. : Sine 9.44210 
True amplitude 24 37 Sine 9.61955 


Hence the Sun will rise E. 24° 37'S. or E.S. E. % S. nearly, and set W. 24° 37’/S 
W.S. W.ZS. nearly. 


EXAMPLE IL 


July 3, 1828, in latitude 9° 36'S. the Sun was observed to rise 
E.. 12° 42 N.: required the variation of the compass. 


Latitude g° 36'S, . * Secant 0,00613 
Declination 22 58 N. . Sine 9.59128 


True amplitude E.23 19 N. - Sime 9.59741 
Mag.amplitude E.12 42 N. 


’ Variation 10 37 west, because the true amplitude is to the 
left of the magnetic. 


EXAMPLE IIL. 


September 24, 1828, in latitude 26° 32’ N., and longitude 43° W., 
the Sun’s center was observed to set W. 6° 15'S. about 6h. P. M, 
required the variation of the compass. 

Sun’s declination (Table X.) . 0° 33'S 


Corr. for long. 43°W.(Table XXI.) + 3 
Corr. for time 6h. P.M. . . “f 6 


Reduced declination ; o 428 . . Sine 8.08696 
Latitude F ; 26 32 « »« « Seeant 0.04834 
True amplitude . W.o 478. , . Sine 8.13530 
Mag. amplitude . Wierd. Tsi8, 


Variation 5 28 East, because the true amplitade is 
to the right of the magnetic. 


206 OF THE VARIATION OF THE COMPASS 


EXAMPLE IV 


Being at sea in latitude 43° 36’ N. and longitude 20° west, on 
February 15, 1828, I observed the Sun’s center at setting, W.5° 45'N, 
about 7 ociock in the evening: required the variation of the com- 


pass. 


Sun’s declination (Table X.) . 12° 54 S, 
Corr. for long. 20°W.(Table XXI.) — =f 
Corr. for time 7h. P.M. . . SO rg. al 


Reduced declination ° 12. 47... » Sine  9,34491 
Latitude ° ° 43 36 . . . Secant 0.14016 
True amplitude . Wee TT id tesewiie © «, Sines 9.48509 
Mag. amplitude ; Wiis 945 IN. 


reese 


Variation 23 32 west, because the true amplitude ia 
to the left of the magnetic. 


* 


To find the Variation of the Compass by an Azimuth. 


Ruxie.—1. Reduce the Sun’s declination ( X.) to the time and 
place of observation (X XI.) and compute the true altitude of the 
Sun’s center. (IV. V.) 

2. Subtract the Sun’s declination from 90°, when the latitude and 
declination are of the same name, or add it to 90°, when they are of 
contrary names; and the sum, or remainder, will be the Sun’s polar 
distance. © 

3. Add together the Sun’s polar distance, the latitude of the ship, 
and the altitude of the Sun; take the difference between half their 
sum and the polar distance, and note the remainder ; 

A. Then add together, 

the log. secant of the altitude (KXV.) 2 
the log. secant of the latitude - § 
the log. co-sine of the half sum, 

and the log. co-sine of the remainder. 

5. Half the sum of these four logarithms will be the sine of 
an arch, which doubled, will be the Sun’s true azimuth; to be 
reckoned from the south in north latitude, and from the north in 
south latitude; towards the east in the morning, and towards the 


west in the afternoon. ; 
6. Then if the true and observed azimuths be both reckoned from 


the north, or both from the south, their difference is the variation ; 

but if one be reckoned from the north, and the other from the south, - 
subtract the true azimuth from 180°, and the difference between 

the remainder and the magnetic azimuth will be the variation; and 

to know if it be east or west, suppose the observer looking towards 

that point of the compass representing the magnetic azimuth: then if 

the true azimuth be tothe right of the magnetic, the variation is east, 

but if the true be to the left of the magnetic the variation is west. 


rejecting their indices 
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4 EXAMPLE I. 

July 20, 1829, in latitude 31° 42’ N. and ‘longitude 32° E, about 
7 o'clock in the morning, the Sun’s azimuth by the compass was 
observed to be S. 83° 45’ E. at the same time that the altitude of his 
lower limb was 23°36 ; the height of the eye being 24 feet: required 
the variation of the compass. 

Sun’s declin. July 20, atnoon - 20° 42’N. Obs. alt. Sun’slowerlimb - 23° 36! 


Corr. for long. 32° E. A + iI Semidiameter = - 16! a Fe 
Corr. for time 5h. beforenoon. . + 2 Dip. ; : 5 
Reduced declination - 20 45 23 47 
go oo Refraction =. aes aL, 
Polar distance - 69 15 True altitude - - 845 
Altitude - = ($23 0845 - Secant 0.03843 
Latitude - a) TOS 44 - Secant 0.07017 
Sum - - 124 42 
Half - - 62 ; aI - Co. sine 9.66658 
Remainder - 6 54 Co. sine 9.99684 
19.77202 
50 17 - Sine 9: 88001 
| . 


True azimuth S.100 34E. 
i Mag. azimuth S. 83 45E. 


Variation - 16 49, or 15 point west, because the true azimuth fs 
to the left of the magnetic. 
EXAMPLE II. 

November 2, 1828, in latitude 25°32’N and longitude 40° W. 
the altitude of the Sun’s lower limb was observed to be 15°36’, about 
4h. 10m. P. M., his magnetic azimuth at that time being S. 58° 32 W. 
and the height of the eye 18 feet: required the variation of the 


compass. 
Sun's declin. Nov. 2, at noon 14° 51'S. Obs. alt Sun’s lower limb 15° 36’ 
Corr. for long. 40° W. - oe Semidiameter — - ee ae 
Corr. for time 4h. 1om. aft. u. + 3 Dip - = 4 
‘Reduced declination . iyi 156 f 15 48 
go 00 Refraction : - — 43 
Polar distance 104 56 True altitude’ - - I5 45 
Altitude - T5 45 - Secant 0.01662 
Latitude - 25 32 - Secant 0.04463 
Sum - > 146 13 
Half . - KE Co. Sine 9.46345 
Remamder - 31 50 - Co. Sine 9.92921 
: : 19-45 301 
32 14 . Sine g.7 2695 
a . 
True azimuth S. 64 28W. 
Mag. azimuth S. 58 32W. 
Variation : 5 56 east, because the true azimuth is to the right 


of the magnetic. 
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EXAMPLE III. 

February 14, 1830, in latitude 36° 18S. and longitude 109° 9’ W, 

about half past 6 A.M. the following altitudes of the Sun’s lower 

limb, with the corresponding azimuths, were observed; the height of 

the eye being 30 feet: required the variation of the compass. 
Azimuths. Altitudes. 


. 
. 


' 4 
S. 87 15 E. 1 15 Obs. alt. ©’s 1. 1. 12 35 Sun’s declin. Feb. 14. - 13 5 
87. 0 1r 52 Semid. 16' Corr. for long. 1099 W. -— 6 
86 4a 13.44. Dip = } ae Corr. for time 54h. bef.n. + 5§ 
86 10 1307 ‘ _ 
85 45 ™3 50 12 46 Reduced declination - 13 4 
a Refraction - — 4 
5 ) 432 50 62 58 
True alt. - 12 42 
MeausS. 86 34E. 12 35 
go° oo’ 


Declination - 13 4 


Polar distance - 76 56 


Altitude -.42 42 ° Secaut 0.01076 
Latitude - - 36 18 - Secant 0.09370 
Sum - - 125 56 
Half - 62 58 - Co. sine 9.65754 
Remainder 13 58 - Co. sine 9.98697 
19 74897 
48 30 ~ Sine 9.87448 
2 


True azimuth N.97 OE. 
180 Oo 


Or, S. 83. OE. 
Mag. azimuth S. 86 34E. 


Variation - 3 34k. 


To find the Sun’s true Azimuth by another Method. 


‘Rue 1.—Add together the latitude of the ship and the altitude of 
the Sun; and to the naturai co. sine of their sum, add the natural 
sine of the Sun’s declination, (XX VI.) when the latitude and decli- 
nation are of the same name, otherwise take their difference. 

If the sum of the latitude and altitude exceed 90°, subtract 90° 
from it, and find the difference of the natural sine of the remainder, 
and the natural sine of the Sun’s declination. 

2. To the logarithm of the above sum or difference (XK XIV.) add 
the secant of the latitude, and the secant of the altitude, (K XV.) 
rejecting their indices: their sum will be the log. rising of an angle 
in hours, minutes, and seconds; (XX1X.) which being turned into 
degrees and minutes (XIX.) will be the Sun’s true azimuth: to be 
reckoned from the south in north latitude, and from the north in 
south latitude, towards the east in the moray: and towards the west 
in the afternoon. 
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- EXAMPLE YJ, 


Required the Sun’s true azimuth in latitude 31°42°N. when his 
altitude is 23° 45’, and nis declination 20° 45’ N. 


‘Latitude 31° 42'N. - - Secant 0.07017 
Altitude 23 45 - ~ Secant 0.03843 
Sum ht ee Y | Nat co. sine 56713 


Declination 20 45N. Nat. sine 35429 


Sum 92142 Log 4.96454 


5.07314 Loy. risiny 
of 6h 42m 208 equal to 100° 35’, the Sun’s azimuth from the south; the same within one 
minute as the first Example worked by the former method. 


EXAMPLE IL. 


What is the Sun’s true azimuth 1n latitude 25° 32’ N., when his 
true altitude is 15° 45’, and declination 14? 56'S. ? 


Latitude 25° 32’) N. ’ - Secant 0.04463 
Altitude 15 45 - Secant 0.01662 
Sum - 41 i7 Nat. co. sine 75146 


Declination 14 56S. Nat. sine 25770 


Diff. 49376 -. Log 4.69352 


4.75477 Log rising 
of 4b 17" 46 § equal to 64° 27’, the Sun’s true azimuth from the south; the same as the 
second Example in the former method within one minute. 


EXAMPLE III. 


Required the Sun’s true azimuth in latitude 51°31’ S. when his true 
altitude is 46° 28’, and his declination 22° 17 S. 


Latitude 51° 31'S: - - Secant 0.20601 
Altitude 46 28 - - -  Secant 0.16192 
Sun - 97 59 

go oo 


Remainder 7 59 Nat. sine 13889 
Declination 22 178. Nat. sine 37919 


Diff. 24030 - Log 4.38075 


4.74868 Log. rising 
of 4> 15m 50% equal to 63° 57’, the Sun’s true azimuth from the North, 
Be 
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DESCRIPTION AND USE 


OF 


HADLEY’S SEXTANT 


; sie” ‘ i ui 


‘Tus Instrument is constricted on’ the same principles as the 
Quadrant, but as it is used to measure the angular distance between 
the Moon and the Sun, or a Star, in order to determine the longitude, 
the Arch is extended to 120 degrees, for the purpose of measuring 


a 


; 
ener 5 


their distance when greater than 90 degrees; it 1s also provided with — 


some appendages not commonly annexed to a quadrant, in order to 
take the observation with greater accuracy ; which will be described in 
the following pages. f 

Fig. I. Plate IX. represents a Sextant, the frame of which is some- 
times made of ebony, but generally of brass, or other hard metal. The 


Arch aa is, on the common instruments, made of ivory, and divided 
into 120 degrees, each degree into 3 parts, of course equal to 20 mi- | 


nutes, which is again subdivided by the Nonius into half-minutes or 30 
seconds; each second division, or minute, on the Nonius, being cut 
_ longer than the intermediate ones. The Nonius is numbered at every 
fifth of these longer divisions, from the right towards the left, with 5, 
10, 15, and 20, the first division towards the right-hand, marked 0, 
being called the Index division. | 


But the best Sextants, which have silver or platina Arches, are 


- 
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usually divided to quarter minutes, in which case the degrees on the — 
Arch are divided into 4 parts, or 15 minutes, and the minutes on the _ 


Nonius into the like number, each equal to 15 seconds. 
On some Sextants the degrees are divided into six equal parts, each 


representing 10 minutes, and the minutes on the Nonius also into six 
parts or 10 seconds each. ‘The Nonius is sometimes placed above and — 


sometimes below the Arch. 


Figure 8 represents part of the Arch of a Sextant, the degrees of 


which are divided into 4 equal parts, and the minutes of the Nonius 


scale into the like number. In this Figure, the Index division, or 0 of © 


the Nonius, which is placed above the Arch, stands between 25° 15’ and 
25° 30’ on the Arch; and that division of the Nonius‘exactly coineid- 
ing with one on the Arch, is the second or 30" to the left of 7. minutes, 


~ 


—o 


or 7’ 30", therefore the whole extent between the Index division and 


the 0 on the Arch is 25° 22’ 30". 

Again, in Figure 9, where the Nonius is below the Arch, the 0 on 
the Nonius is somewhat more than three divisions or 30’ to the left of 
56°, and the division on the Nonius coinciding with one on the Arch, 
1s 4, therefore the Angle pointed out by the Index division is 56° 34’. 

When the Index division is to the right of 0 in the Arch, or as it is 
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_ called on the arch of excess, the divisions are to be counted from left 
to right, both on the Arch and on the Nenius ; thus suppose on an in- 
strument divided as in Figure 8, the 0 on the Nonius was rather more 
than three divisions to the right of 0 on the Arch, and that the third 
long division on the Nonius (representing minutes) frum the left, mark- 
ed 15, coincided exactly with a division on the Arch; then the whole 
Arch would be 48 minutes, that is 45 minutes on the Arch of excess, 
and 3 minutes on the Nonius. | 

Or if the 0 on the Nonius of a Sextant divided as in Figure 9, were 
placed between the third and fourth divisions to the right of 0 on the 
Arch, and the fifth subdivision on the Nonius, counting to the right 
from that marked 10, coincided with one on the Arch, the whole Arch 
would be 30 minutes and 50 seconds. 

In order to observe with accuracy, and make the images come pre- 
cisely in contact, an adjusting, or tangent screw 8, is added to the In- 
dex, by which it may be moved with greater regularity than it can oe 
by hand; but it must be observed this screw does not act until the In- 
dex is fixed by the finger screw c, placed at the back of the Sextant. 
Care should be taken not to force the tangent screw when it arrives at 
either extremity of its Arch. When the Index is to be moved any 
considerable quantity, the screw c must be loosened; but when the 
Index is brought nearly to the division required, this back screw should 
be tightened, and then the Index be moved gradually by the tangent 
screw. 

Four shades or coloured glasses are placed at p, between the Index 
_ and horizon glasses, each of which 1s set in a different frame turning on 
a center: they are used to screen the eye from the brightness of the 
reflected solar image, and the glare of the moon, and may be used se- 
parately, or together, as occasion requires. 

Three more such glasses are placed behind the horizon glass at. E, to 
weaken the rays of the Sun or Moon when they are viewed directly 
through the horizon glass. The pale glass is sometimes used in ob- 
serving altitudes at sea, fo take off the strong glare of the horizon. 

The Sextant is generally furnished with a plane tube (Fig. 2.) with- 
out any glasses; and torender the objects still more distinct, it has 
likewise two telescopes, one representing the objects erect, or in their 
natural position, (Fig. 4.); the other a longer one (Fig. 3.) which 
shews the objects inverted ; but the latter has a larger field of view, and a 
greater magnifying power, with other advantages ; a little use will soon 
accustom the observer to the inverted position, and the instrument will 
be as readily managed by it as the plane tube alone. By a telescope 
the contact of the images is more perfectly distinguished ; and by the 
place of the images in the field of the telescope, it is easy to perceive 
whether the Sextant is held in the proper plane for observation. By 
sliding the tube that contains the eye-glasses in the inside of the other 
tube, the object is suited to different eyes, and made to appear perfectly 
distinct and well defined. | 
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The telescope is to be screwed into a circular ring at K; this ring 
rests on two points against an exterior ring, and is held thereto by twe 
screws: by turning one, and tightening the other, the axis of the tele- 
scope may be set parallel to the plane of the Sextant. The exterior 
ring is fixed on a brass stem that slides into a socket; and by means of 
the screw L, at the back of the Sextant, it may be raised or lowered se 
as to move the center of the telescope to point to that part of the hori- 
zon-glass which shall be judged the most fit for observation. 

A circular head, with coloured glasses, (ig. 7.) sometimes accom- 
panies the Sextant, and is to be screwed on the eye end of the tube, or 
on that of either telescope. The glasses are contained in a circular 
plate, which has four holes; three of these are fitted with coloured 
glasses, the fourth is open. By pressing the finger against the project- 
ing edge of this circular plate, and turning it round, the open hole, or 
any of the coloured glasses may be brought between the eye glass of 
the telescope and the eye. 

To these appendages are added a small screw-driver, to adjust the 
screws ; a magnifying glass, (Fig. 6.) to read oif the observation with 
greater accuracy; and a microscope (Fig. 5.) for the same purpose, 
made to fit into a tube fixed at the lower end of the Index. 


ADJUSTMENTS OF THE SEXTANT, 


To adjust a Sextant is to set the Index and Horizon glasses perpen- 
dicular to the plane of the instrument, and their planes parallel to each 
other when the Index division is at 0 on the Arch; also to set the axis 
of the telescope parallel to the plane of the instrument; each of these 
particulars must be examined before an observation is taken, and the 
adjustments, if requisite, made according to the following directions. 


I. To set the Index-Glass perpendicular to the Plane of the Sextant 


Move the Index forward to about 60 degrees; then, holding the 
instrument horizontally with the limb from the observer, look obliquely 
down the Index-glass, and see if the reflected and the true Arches 
appear to be in the same plane: if they are, the glass is adjusted ; 
otherwise it is to be rectified by the screws behind the glass, as directed 
for the Quadrant, page 176. 


Il. To set the Horizon-glass perpendicular to the Plane of the Sextant. 


Screw on the plane tube, or the common telescope, and holding the 
Sextant horizontally, observe if the reflected and true horizons appear 
in the same strait line; if they do, the glass is adjusted; otherwise 
turn the screw at the back of the instrument till they perfectly coincide: 
this adjustment may also be made by directing the telescope to the Sun, 
Moon, or a Star, in which case hold the instrument perpendicularly te 
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the horizon, and move the Index till the direct object and its reflected 
image appear nearly in contact, by placing the 0 on the Nonius about 
$0 minutes on either side of 0 on the Arch; then, if the reflected image 
be to the right or left of the direct object, turn the screw under the 
Horizon-glass till they are perpendicular to each other, and consequently 
parauel to the plane of the instrument. If the adjustment be made by 
a Star, move the Index backwards and forwards slowly, and observe if 
the reflected image, in passing the Star, coincide with it; if it does not, 
the glass is to be adjusted by the screw as before. 

Horizon- glasses are fitted up in various ways, to admit to this adjust- 
ment; in some Sextants, a screw connected with the brass frame of the 
horizon-glass, which moves on two points, is placed behind, over which 
a brass cap is screwed, to secure it from accidents; in others a small 
screw is placed at the top of the frame, and is moved by a steel lever 
pin ; by means of these screws. the horizon-glass is set perpendicular to 
the plane of the instrument. 

When this or the following adjustment is made by observing the 
Sun, the inverting telescope is always to be used, and one or more of 
the Shades both before and behind the Horizon-glass are to be turned 
up, in order to screen the eye from the bright solar rays proceeding 
from the direct and reflected Suns, which are to be made by means of 
the Shades, to appear as nearly as possible of the same degree of 
brightness, 


III. Yo set the Horizon-Glass parallel to the Index-Glass when the 
< Index Division is at 0 on the Arch. 


Make the Index division of the Nonius coincide exactly with 0 on 
the Arch ; and, in order to make the coincidence as perfect as possible, 
examine them through the magnifying glass; screw on the telescope, 
and turn the screw 1 at the back of the instrument till the line which 
separates the transparent and silvered parts of the horizon-glass bisects 
the field of the telescope: having done this, hold the Sextant perpene 
dicularly, and direct the sight through the telescope to the horizon ; 
then, if the reflected and true horizons do not coincide, turn the tangent 
screw at the back of the horizon-glass till they are made to appear in 
the same strait line. Then will the planes of the Horizon and Index 
Glasses be parallel. 

-'Lhis adjusment in some instruments is made by means of two screws 
placed near the horizon-glass, which act against each other in turning 
the frame round its axis; these screws are moved by a steel lever pin, 
put into one of the holes made through the head of the screw, and in 
making the adjustment by these screws care must be taken, that when 
one is slackened the other must be tightened, in order that they may 
sufficiently press against each other, and prevent the horizon-glass from 
altering its position, when the direct and reflected horizons are made to 
coincide. But although the adjustment made by these screws is not 
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so liable to alter as when made by a tangent screw, 1t is recommended 
not to depend on this adjustment, but rather to find the Index Error ; 
and indeed this becomes absolutely necessary when the horizon-glass 1s 
so constructed as not to admit of the adjustment, which is the case 
with most nodern instruments. 


To find the Index Error. 


The Jndex Error is the number of minutes and seconds pointed out 
by the Nonius, when the direct object and its reflected image coincide 
with each other, and may be found as directed in the adjustment of the 
fore horizon-glass of the quadrant, in page 177, but with greater ac- 
curacy by the following method : 

Having screwed on the inverting telescope, adjusted the eye tube to 
distinct vision, and turned up the proper shades, place the 0 on the 
Nonius about 40 minutes to the right of 0 on the Arch, and tighten 
the screw c under the Index of the Sextant; then, holding the instru- 
ment perpendicularly, bring the direct and reflected Suns in exact 
contact by the tangent screw, and read off the minutes and seconds 
pointed out by the Nonius on the arch of excess, which note down 
and call it off; next place the 0 of the Nonius about 40 minutes to the 
left of 0 on the Arch, and make the contact of the two Suns correct 
as above; read the minutes and seconds shewn by the Nontus, which 
call on, and set it under the first Arch; then half the difference of 
these two Arches will be the Index error, which is additive to all angles 
taken with the Sextant, when the Arch to the right of 0 is greater than 
the Arch to the left of 0, and subtractive when the contrary. ‘The di- 
rect and reflected Suns will appear through the inverted Telescope thus 


When the Index division is to the right When the Index Division is to the left 
of 0 on the Arch. of 0 on the Arch. 
ote 
Direct Sun Reflected Sun 5 
% f 


Reflected Sun f ‘ ‘; Direct Sun 


Suppose the following observations were taken to determine the 
Index Error : 


EXAMPLE I. , EXAMPLE II. 
Of ‘ale 31 45 Of + 32 10 
On - EK ie On — 31 20 
CR ON Es 2) 9 50 
— o 37 + O 25 
Index Error o’ 37” subtractive because Index Error 25” additive because the 
the Arch to the left is greater than the Arch to the right is greater than the 


Arch to tbe right of 0. Arch to the left of 0. 
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To prove that the contacts were made correctly, add the Arches to- 
gether and divide their sum by 4; the quotient should then be equas 
to the Sun’s semidiameter as given in page III. of the Nautical Alma- 
nac: thus suppose the observations in Example I. were made on Feb- 
ruary 12th, 1827, here the sum of the Arches is 64’ 45’, the fourth part 
of which is 16’ 11’, agreeing nearly with the Sun’s semidiameter (16’ 12") 
as given on that day in the Nautical Almanac, it may therefore be pre- 
sumed that the contacts were correctly made. 

But if the altitude of the Sun should be less than about 30° at the 
time of taking the above observations, the Sun’s horizontal, instead of 
the perpendicular, diameter should be measured ; for as refraction af- 
fects the lower limb more than the upper, it occasions the perpendicular 
diameter to be less than the horizontal, which is that given in the Nau- 
tical Almanac ; in this case, the Sextant is to be held horizontally, with 
the face upwards, and the reflected Sun brought into contact alter- 
nately with the right and left limbs of the direct Sun, as before explained. 
The contacts will then appear thus 


Reflected Sun. Direct Sun. Direct Sun. Reflected Sun. 
Aas Sotitien .. 
i y ry 
% en! eee 1a 


IV. To set the Axis of the Telescope parallel to the Plane of the 


Sextant. 


In measuring angular distances, the line of sight, or axis of the 
telescope, should be parallel to the plane of the instrument, as a 
deviation in that respect will occasion a considerable error in the obser- 
vation, and this is most sensible in large angles; to avoid which, a 
telescope is made use of in whose field there are placed two wires, 
parallel to each other, and equidistant from the center, to which are 
generally added two others at mght angles to these, and parallel to each 
other: by means of these wires the adjustment may be made thus? 
screw on the telescope, and turn the tube containing the eyeglass till 
the wires are parallel to the plane of the instrument; then take two 
objects, as the Sun and Moon, or the Moon and a Star, whose angular 
distance must not be less than 90 degrees, because the error is more 
easily discovered when the distance is great; bring them exactly into 
contact at the wire which is nearest the plane of the Sextant, and fix 
the Index: then, by altering a little the position of the instrument, 
make the objects appear on the other wire : if the contact still remains 
perfect, the axis of the telescope is in its right situation ; but if the 
_limbs of the two objects appear to separate at the wire that is furthest 
from the plane of the instrument, it shews that the object end of the 
telescope inclines towards the plane of the instrument, which must be 
rectified by tightening the screw nearest the Sextant, which is attached 
to the ring that holds the telescope, having previously slackened the 
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screw farthest trom it; if the images overlap each other at the wire 
farthest from the Sextant, the object end of the telescope is inclined 
from the plane of the Sextant, and the highest screw must be turned 
towards the right, and the lowest towards the left: by repeating this 
observation a few times, the contact will be precisely the same at both 
wires, and consequently the axis of the telescope will be parallel to the 
plane of the instrument. ; 


USE OF THE SEXTANT. 


To observe the Angular Distance between the Moon and the Sun. 


Turn up one or more of the shades before the horizon glass, accord- 
ing to the brightness of the Sun, and set the Index division to 0 on 
the arch ;_ then holding the plane of the Sextant so as to pass through 
the two objects, with its face upwards, when the Sun isto the right 
hand of the Moon; or downwards, when the Sun is to the left; (see 
figures below) direct the sight through the ring k, and the horizon- 
glass, to the Moon, without using the telescope, and move the Index 
forward until the Sun’s image comes nearly in contact with the Moon’s 
nearest limb; then fix the Index by the screw c under the Sextant. 
Now screw on the inverting telescope, adjusted to distinct vision, 
placing the wires parallel to the plane of the instrument, and raising 
the telescope, by the screw 1, to the transparent part of the horizon- 
glass; then directing the sight through the telescope to the Moon, 
holding the Sextant as before directed, make the contact perfect by 
means of the tangent screw B; atthe same time moving the Sextant 
slowly round the axis of the telescope, by which means the Sun will 
appear to pass by the Moon, and the contact be more accurately made ; 
observing’always, that the point of contact of the limbs should be as 
near the center of the field of the telescope as possible. 

The arch pointed out by the Nonius being now read off as before 
directed, will shew the observed distance of the nearest limbs of the 
Sun and Moon. 

In the following figures A B represents the observed distance of the 
nearest limbs when the Sun is to the right of the Moon, and C D the 
distance when the Sun is to the left of the Moon. 


* 
* - 
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It will perhaps be more easy for those who are not accustomed to 
take observations, to find the distance nearly, and setting the Index 
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forward to it, to look directly towards the Moon, holding the instru- 
ment as before; the Sun will then appear nearly in contact with it, and 
is to be made perfect by the method above-mentioned. In the Nautical 
Almanac the distances of the Sun and Moon are set down for the 
beginning of every third hour of time at Greenwich, on such days as 
the Moon is not less than 35 degrees, nor more than 125 degrees from 
the Sun, and may be found for any intermediate time by proportion ; 
from these distances you may compute roughly their distance at the 
time of observation thus; turn the ship’s longitude into time by 
Table XIX. and add it to, or subtract it from, the time of observation, 
according as the longitude is west or east, the sum or difference will 
give the time at Greenwich; then find by the Ephemeris the distance 
nearly at that time, from which subtract 30 minutes, the sum of the 
semidiameters and the remainder will give the distance of their nearest 
limbs at the time of observation. 

It will save some trouble, and serve the purpose of finding the re- 
flected image of the Sun or Moon in the horizon glass, if you only set 
the Index to the central distance as set down in the Almanac for the 
nearest third hour, without correcting it to the intermediate time by 
a rough computation. 


To observe the Distance between the Moon and a Star. 


_.Turn up one of the lightest screens before the horizon-glass, and, 
without the telescope, direct the siyht through the ring x, and the 
-horizon-glass, to the Star; holding the Sextant in such a direction that 

if its plane be seen edgewise it may appear to pass through the Moon 
and the Star, with its face upwards or downwards, according as the Star 

is to the left or right of the Moon; then move the Index forward until 
the reflected image of the Moon is seen near to the Star. Now screw 
on the inverting telescope, and adjust it as before directed; bring the 
enlightened edge of the Moon into contact with the Star by means of the 
tangent screw, at the same time moving the Arch of the Sextant slowly 
up and down, by which motion the enlightened limb of the Moon will 
appear to pass the Star, and the contact be more accurately made, 
which should always be as nearly as possible to the center of the field 
of the telescope, The Arch being then read off will give the observed 
distance between the Star and the Moon’s enlightened limb. 

In the following figure A B represents the distance of the Star at A 
from the Moon’s nearest limb at B, and B C the distance of the Moon’s 

~ furthest limb from the Star at C. 
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If the distance between the Moon and one of the Stars set down in 
the Almanac, for finding the Longitude is to be observed, their dis- 
f ; 
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tance may be roughly calculated, as before directed, to which set the 
Index : then look through the telescope and direct the sight to the Star, 
which is generally a bright one, and lies in a line nearly perpendicular 
to the horns of the Moon, either to the eastward or westward, as de- 
noted in the Almanac; and holding the Sextant in the plane of the 
two objects, give it a slow motion round the axis of the telescope, and 
if the Moon’s image comes into the field of the telescope it is a proor 
you have taken the right Star, as no other in that direction will core 
respond to it in distance. 


DESCRIPTION AND USE 


OF THE 


ARTIFICIAL HORIZON. 


WV HEN Altitudes are to be taken on Shore with a Sextant, where 
the observer has not the advantage of the Sea Horizon, he is obliged 
to have recourse to an Artificial Horizon, which is a horizontal plane 
with a smooth or polished surface, on which the rays of the Sun, or 
other object, falling, are reflected back to an eye placed in a proper 
position to receive them: the angle between the real and reflected 
objects being then measured with a Sextant, will be double the alti- 
tude above the horizontal plane. 

Such a horizontal plane may be obtained by pouring a quantity of 
oil, tar, treacle, or other fluid and viscous substance, into a shallow 
vessel; and, to prevent the wind giving a tremulous motion to its sur- 
face, a piece of thin gauze, muslin, or plate glass, whose surfaces are per- 
fectly plane and parallel, may be placed over it when used for obser- 
vation. 

An Artificial Horizon sometimes consists of a plane speculum, fixed 
in a brass frame, standing upon three adjusting screws, by which its 
surface may be made horizontal, with the assistance of a spirit level, 
placed on its surface, in various positions; observing that the screws 
be turned until the atr bubble always rests in the middle of the tube. 
The under surface of the plate of glass is sometimes unpolished and 
blackened, so that the image of the Sun can only be reflected from 
the upper surface, which should be carefully polished and a perfect 
plane: by this means the errors that might arise from a defect of pa- 
rallelism in the two surfaces, are avoided. 

But the best and most approved kind of artificial horizons are those 
produced by quicksilver, which being poured into a small wooden 
trough, will always, agreeably to the nature of fluids, preserve an ex- 
act horizontal plane at its surface; over this is placed a roof, to pro- 
tect the quicksilver from the action of the wind; in which are fixed 
two plates of glass, the two sides of each being ground perfectly plane 
and parallel. These are usually packed in a mahogany box, with a 
vessel containing a quantity of quicksilver, ready for use when wanted, 
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When one of these instruments is used, the observer is to place 
himself at a convenient distance, for instance, two or three feet, in 
such direction, that he may see the object reflected from the artificial 
horizon as well as the real object; then, having screwed on the tele- 
scope of the sextant, and turned down the dark glasses before and 
behina the horizon glass, the upper or lower limb of the sun’s image 
reflected from the Index glass, is to be brought into contact with the 
opposite limb of the image reflected from the artificial horizon, ob- 
serving that when the inverted telescope is used, the upper limb will 
appear as the lower, and vice versa*;the angle on the instrument be- 
ing then read off, and the index error applied to it, will give double 
the altitude of the limb above the horizontal plane; to the half of 
which, if the semidiameter, refraction, and parallax, be applied, the 
result will be the true altitude of the center. 

Exampxe. Suppose August 12, 1830, the observed angle between 
the lower limb of the Sun reflected from the Index Glass of the Sex- 
tant, and the upper limb reflected from the artificial horizon, to be 
99° 45’ 30”, the Index Error of the Sextant being 2’ 20” to add: re- 
quired the true altitude of the Sun’s center. 


° 

Observed Angle ‘ : 99 45 30 
Index Error e + 2 20 
2)99 47 50 

Obs. alt. of Sun’s lower limb , 49 53 55 
Sun’s semidiameter ‘ + 15 49 
Refraction , s — 48 
Parallax 4 ‘ + 6 
True alt. of Sun’s center ROver Das 


The following diagram will illustrate the method of observing alti- 
fades with an artificial horizon: 


r-. ' Let AB represent the surface 
Pid of the quicksilver contained in 
, a wooden trough, whose plane 

is continued toC; DEF, the 
roof, in which are fixed two 
plates of glass, DE and EF, 
whose surfaces are plane and 
parallel to each other; and 69 
the Sun at S. whose altitude is 
required. Now the ray SH, 
proceeding from the Sun’s lowe 
ee er limb to the surface of the 

RO quicksilver, will be reflected 
thence to the eye, in the direction HG, and the upper limb of the 
“un’s image, reflected from the quicksilver, will appear in the line 
G H, continued to R ; and it is a well known principle in cateptrics, 


* 1t will perhaps be more easy to the observer if he first bring the amages of the Sun 
nearly into contact by the naked eye, and afterwards screw on the telescope and make 
he contact perfect by the tangent screw. 
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that the angle of incidence SH A or SHC, is equal to the angle of 
reflection GH B; and as the angle AH R or CHR, is vertical or 
opposite to the angle G H B, it is therefore equal te it, and to the 
angle SHC; consequently the angle S H R is double the angle 
SHC, the aititude of the sun’s lower limb above the horizontal 
plane; so that if we suppose the angle S H R measured by a sextant 
to be 70°, the altitude of the sun’s lower limb will be 35°. 

In theory the eye of the observer should be placed at the angular 
point H, but as a ray IG, proceeding from so distant an object as the 
sun to the eye at G, may be considered as parallel to the ray S H, the 
measured angle I GH will be equal to the angle SHR. 


OF FINDING THE 


LONGITUDE BY OBSERVATION. 


A VARIETY of methods have been proposed for determining the 
longitude of a place, but almost all of them depend upon one general 
principle, viz. the comparison of the relative times under two different 
meridians; so that if the time under a given meridian be known, and 
also the time under any other meridian, the difference of these times 
turned into degrees and minutes in the proportion of 15 degrees to 
1 hour, will be the difference of longitude between the two meridians, 
For as the Sun apparently moves round the Earth, from east to west, 
in 24 hours, or cover an arch of 15 degrees of the equator in 1 hour 
of time, all places lying to the eastward of any meridien will have 
‘noon sooner, or if to the westward later, by as much time as the Sun 
takes to pass from the meridian of one place to the meridian of the 
other; hence, if the time at the meridian of Greenwicn (from whence 
the longitude is reckoned,) and of any other piace, at the same moment 
of absolute time, be given, its longitude from Greenwich may be 
inferred by reducing the difference of the times into degrees and . 
minutes, in the proportion of 15 degrees of longitude to 1 hour of 
tine: moreover, if the time at the place be greater than that at — 
Greenwich, its longitude wili be east, but if less it will be west. 
Thus, suppose it is ascertained that the time at Greenwich is 2 hours 
past noon when it is just noon at the ship; it will thence appear that 
the longitude of the ship is 30° west of the meridian of Greenwich, 
because the Sun passes over 30° of the equator in 2 hours of time; 
and having left the meridian of Greenwich 2 hours since, the ship must 
consequently be to the westward of that meridian. Ifwe suppose the 
time at the ship to be 4 hours past noon, her longitude would be 30° 
east of Greenwich, for the Sun in this case would have passed the 
meridian of the ship 2 hours before he passed that of Greenwich, 


sa 


BY OBSERVATION. 231 


Now the time at any given meridian may be easily computed by 
- an altitude of the Sun or a Star, taken when distant from the meridian, 
or from observations of the Sun when at equal altitudes; and the time 
at Greenwich may be ascertained by means of a time-keeper, or by 
various astronomical observations. With respect to the first of these, 
it is obvious, that if a clock or watch could be so constructed as to go: 
uniforinly in all seasons, and at all places, such a machine being once 
set to the time at Greenwich, would always shew the real time at 
Greenwich, in whatever part of the earth it might be; and therefore, 
when the time under any other meridian was found and compared 
with that shewn by the time-keeper, the longitude of the place from 
Greenwich would be readily obtained. To effect this purpose 
several ingenirus artists have exerted their abilities, aud have brought 
time-keepers to an astonishing degree of perfection, whereby they 
have become a valuable acquisition to the Navigator, in determining 
the ditference of longitude made in short periods; however, consi- 
dering the delicacy of their construction, and the various accidents 
to which they are liable, an implicit confidence ought not to be 
placed on them, particularly in long voyages; but recourse should 
be had to astronomical observations whenever opportunities present 
themselves. 

The various astronomical methods of determining the longitude 
depend likewise upon the abovementioned general principle; for by 
observing the time at the meridian of a given place when any celestial 
appearance happens, and comparing the same with the time at 
Greenwich, as shewn by the Nautital Almanac*, their difference, 
reduced to degrees-and minutes, give the longitude as before. Sup- 
pose, for instance, that an eclipse of the Moon should be observed 
at a certain place to begin at midnight, and that by the Almanac, 
the time at Greenwich when, the eclipse commenced was 3 hours 
past midnight: now as the commencement of the eclipse must be 
seen at the same moment of absolute time in all parts where it is 
visible, the difference between the time at the place of the observer 
and that of Greenwich, which is 3 hours, and answers to 45 degrees, 
must be the longitude of che place; and it is evidently west because 
the time at the place is less than the time at Greenwich. Upon the 
‘game principle the eclipses of Jupiter’s satellites will give the 


* The Nautical Almanac is published annually by order of the Board of Longitude. 
generally four years forward, and contains XII pages to each month: in these are 
entered the Sun’s longitude, right ascension, declination; the Planets’ longitudes, lati 
tudes, times of passing the meridian; the times of solar and lunar eclipses, together with 
those of Jupiter’s satellites: the distances of the Moon from the Sun and certain fixed 
Stars, at the beginning of every third hour; and in general, the times when any remark- 
able appearance takes place; being all computed for Greenwich time. — This excellent 
and most useful Work was originally proposed by, and calculated and printed under the 
immediate inspection of, the late Dr. Maskelyne, Astronomer Royal, and is now con- 
tinued by Mr. Pond who has succeeded Dr. M. in the above important situation. 
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longitude. But eclipses of the Moon happen too seldom to be of use 
at sea, and the satellites of Jupiter are visible only through a teles- 
cope of considerable magnifying powers, which caunot be managed 
on board a ship. 

The most practical method of finding the longitude at sea, by 
celestial observations, is that of measuring the angular distance 
between the Moon and Sun, ur the Moon and certain stars near the 
ecliptic, usually called a dunar observation, both on accuunt of the 
quick motion of the Moon in herorbit, and the frequent opportuni- 
ties that offer for taking such observations; for in favourable weather 
distances may be taken at all times when the objects are more than 
4or 5 degrees above the Horizon, except about the time of new 
Moon; and, as the Moon’s daily motion is about 13 degrees, or at 
the rate of 1 minute of a degree in two minutes of time, if her true 
angular distance from the Sun ora Star can be ascertained within 
30" of a degree, the corresponding time at Greenwich will be known 
within one minute of time, and hence the longitude within 15 minutes 
of a degree. . 

Yhis method of determining the longitude was proposed many 
years ago by Mr. John Werner and others, but for want of proper 
instruments to observe the distances, and a good lunar theory to ascer- 
tain the Moon’s place, it was laid aside. These difficulties are, how- 
ever, now happily obviated by the invention and improvements of 
Hadley’s Sextant,and the accuracy of the new Lunar Tables; so 
that a good observer, with proper instruments, may depend upon the 
longitude found by this method, within half a degree. 

‘T’o facilitate this important problem, the true angular. distances of 
the Moon from the Sun or a fixed Star*, are set down in pages VIII, 
IX, X, and XI, of each month, in the Nautical Almanac, for the 
beginning of every third hour of Greenwich time; and the time 
answering to any intermediate distance, may be found by propor- 
tional parts; hence the distance between these objects being taken 
with a Sextant or Circle, and the corresponding time at Greenwich 
found by the Almanac, and compared with the time at the ship, 
their differenee will be the longitude of the place of observation. 

But before the observed distance is compared with those in the 
Almanac it must be corrected, in order to find the true distance; 
for, by the effects of parallax and refraction, the Moon is always 
seen lower than its true place, and the Sun or Star higher; hence 
the true distance is almost always greater or less than the observed. 


® The Stars used in the Nautical Almanac for the above purposes are, « Artetis, Alde- 
éarun, Pollux, Regulus, Spica Virginis, Antares, « Aquile, Fomalhaut, and a Pegast. Asa 
knowledge of these Stars is of great importance to the observer, the Author has pub- 
lished a set of Celestial Maps, with directions for using them,in which the above Stars 
are particularly pointed out, and may be more readily known by comparing the maps 
wit the heavens, than they possibly can by any verbal description 
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In taking a lunar observation, two assistants should be employed to 
ooserve the altitudes of the objects while the principal observer is 
taking their distance; also one with a watch to mark the times when 
the observations were made. If the Sun or Star be at a proper dis- 
tance from the meridian, the time may be inferred from its altitude, 
but if it be too near the meridian, a watch will be absolutely neces- 
sary, whose error must be found by an altitude taken before or after 
the lunar observation, according as it it is most.conyenient. 

The Quadrants and Sextant being properly adjusted, and their 
Index errors found, place the assistants in the most convenient situa- 
tion, and let the one holding the watch be provided with a paper 
and pencil to note down the observations when taken: all things 
being ready, proceed to take the distance between the objects, the 
assistants at the same time observing the altitudes of each; when this 
is done, give notice to the assistant with the watch, who is to mark 
the exact time, and set it down, together with the observations read 
off from the instruments; in this manner proceed four or five times, 
each set of observations being noted down in proper order; then 
take the mean of the times, and of each observation, by adding them 
together, and dividing their sum by the number of sets observed, the 
quotient will give the mean of each set, which is much more to be 
depended upon than if one set only were taken. 

_ The following example will shew the form in which a set of lunar 
observations are to be written down. 


June 5th, 1805. Height of the eye 20 feet. 
Times by watch. Alt. of * Antares Alt. of )’s 1.1. Dist, )’s far. 1. 
hm 5s ee a Mele Ue, r Oak 
g 21 Oo 26 51 © 41 45 3° 62 26 §3 
22 20 a7. Ga. .0 49.433." .° 26 12 
ry ae 27 4a. @ AL 35 520 a5 51 
24 15 a7. 12° 90 4I 14 30 25) oie 
\ 26 oO a7 34° 9 40 58 oO 24 25 
5) 116 40 1367 $i O 206 56 30 128 35 
Means - 9 23 20 27 Or a 4Il 23 18 62, 28° AZ 
Err of watch. > Io — 1: oO some EANTS oe 10 ind.Errs 
923 “30 Do REL 4I. 22 3 62.95.4534 


It may sometimes happen, that for want of proper assistants the 
altitudes of the two objects cannot be taken at the same time with 
their distance; in which case the altitudes may be interred from the 
apparent time and the latitude of the ship, according to ruies laid 
down for that purpose; but it must be observed, that unless these he 
well determined, the operation will bring out a considerable error; 
it will therefore be found much more accurate to adopt the following 
method, by which one person can take a set of observations without 
assistants: having a good Quadrant to take the altitudes, and a 
Sextant to observe the distances. 
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Let the observations be taken in the following order, noting the 
times by a watch: 1, the altitude of the Sun or Star; 2, the altitude 
of the Moon; 3, any number of distances; 4, the altitude of the 
Moon; 5, the altitude of the Sun or Stare Now add together the 
distances, and the times when they are taken, each of which being 
divided by the number observed, will give the mean time and dis- 
tance: then to reduce the altitudes to the mean time, say, as the 
difference of times between the observations, is to the difference of 
their altitudes, so is the difference between the time that the first 
altitude was taken and the mean time, to a fourth number; which, 
added to or subtracted from the first altitude, according as it is 
increasing or decreasing, will give the altitude reduced to the mean 
time.*, 

EXAMPLE. 


Suppose the following observations were taken at the undermen- 
tioned times; required the altitudes of the Sun and Moon reduced to 


the mean time and distance? 
Times per watch. 


3h 25m 418 Alt. of Sun’s lower limb - gq gt Or 
28 44 Alt. of Moon’s upper limb Pi)" eae Brea: 

‘ 32 50 Dist. nearest limbs ~ - 73° §3 «30 : 
Semen ; 33 30 «©Dist. nearest limbs ~ - =) 143ua4 paps oe, 
3° 33m 47 35 o Dist. nearest limbs . - 92 4 30 § 73 43 

38 20 Alt. of Moon’s upper limb - 20 45 Oo 
42 4. Alt. of Sun’s lower limb - = 59) rare 
Times. Altitudes. Times. 
Ist. alt. 3h a5m qre LY Pee | Zh 25m 418 Ist. altitude. 
ad. alt. 3+ 42 4 53 14 Soh? 4g mean time. 
Dik. 16403 51 6— © 25’ 13% 
First altitude of Sun’slowerlimb - 54 5 0 


oe 


Reduced altitude of Sun’s lower limb 53 39 47 


Times. Altitudes. Times. 
1st. alt. 3h 28m 448 20%, 3: 3h 28m 448 Ist altitude. 
ad. alt. 3 38 20 20 45 3°39 «ay mean time, 


Diff. - g 36 42 30° 22—_— 


5 
First altitude-of Moon’s upper limb 20 3 


Reduced altitude of Moon’s upper limb 20 25 6 
Hence we ohtain the following set of observatlons. 


Time per watch Dist. near l. of © & €. Alt. of ©’s low.1. = Alt of })’s up. h, 
35 33™ 478 73° 14' 3M 53° 39/ 47" 20° 25’ 6” 


a reer PRE a . 


Or FINDING THE TIME AT A GIVEN PLACE, AND THENCE 
THE ERRoR OF A WatcH,. 

Before we proceed to shew the methods of finding the time under 

a given meridian, it will be necessary to premise that there are three 


* The change of altitude may be readily found by Proportional Logarithms—see ex- 
planation to Table XXXIV. 
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' different modes of reckoning time, with respect to the commence- 
‘ment of the day; these are denominated civil, astronomical, and 
nautical. 

The crvii pay, which is that used by the generality of mankind, 
begins at midnight and ends at the midnight following; it is divided 
into two equal parts of twelve hours each ; the first are marked A. M., 
signifying Ante Meridiem, or before noon, and the latte 12 are marked 
P. M., signifying Post Meridiem, or after noon. 

The astRONOMICAL DAY begins 12 hours after the civil day; 
that is, at noon, or when the Sun’s center is on the meridian, and 
concludes at the following noon. It is generally reckoned through 
the 24 hours from noon to noon, and what are by the civil or 
common way of reckoning called morning hours, are by Astro- 
nomers reckoned in succession from 12, or midnight, to 24 hours. 
Thus 9 o’clock in the morning of July 3d, is by Astronomers called 
July 2d at 21 hours. | 

The NAUTICAL, Or SEA DAY, Commences at noon, or 12 hours 
before the civil day, and ends at noon of the civil day; it is divided 
into two parts of 12 hours each, the former being marked P. M. and 
the latter A. M. This mode of reckoning arises from the custom of 
seamen dating their day’s work for the preceding 24 hours the same ° 
as the civil day; so that occurrences which happen, for instance, 
on Monday 21st after noon, are entered in the Log marked Tues- 
day 22d. 

Hence it appears that the noon of the civil day, the beginning of 
the astronomical day, and the end of the nautical day, take place at 
the same time. 

Time, as inferred from observations of the Sun, is denominated 
apbarent and mean solar time. 

APPARENT TIME is that which is immediately derived from the 
Sun, either by observing its transit over the meridian, which happens 
at the instant of apparent noon, or by observing its altitude at a dis- 
tance from the meridian. 

E@vUAL Or MEAN TIME, 1s that which is shewn by good clocks or 
watches properly regulated, whichare supposed always to havea 
uniform and regular motion. iid 

The reason of these two different methods of dividing time is the 
unequal motion of the Earth in his orbit, combined with the incli- 
nation of its axis to the plane of the ecliptic; whereby the intervals 
of the Sun’s returning to the meridian are unequal in different times 
of the year; sometimes coming too slow and at other times too soon 
to the meridian for an uniform motion, such as that shewn by well- 
regulated clocks or watches. This retardation or acceleration of the 
‘Sun’s coming to the meridian, which sometimes amounts to more than 
16 minutes, is called the EQUATION OF TIME; it is set down in 
page II.’of each month in the Nautical Almanac, and is to be applied 
to apparent time, as denoted in the column from whence it is taken, 
in order to reduce it to mean pee 

£ 
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To find the apparent Time at the Ship, and thence the Brror of the 
WVatch, by an altitude of the Sun. 


Ruxur.—1. To the observed altitude of the Sun’s lower limb add 
the difference between the semidiameter (from page ILI. of the Nauti- 
cal Almanac,) and the dip (V.;) from their sum subtract the refrac- 
tion (IV.) and the remainder will be the Sun’s true altitude. 

2. Take out the Sun’s declination for the nearest noon, from page IT. 
of the month in the Nautical Almanac, and correct it for longitude 
and time (XXI.) Then proceed according to one of the following 
Methods. | 


METHOD I. 


1. Subtract the Sun’s declination from 90°, when the latitude and 
declination are of the same name; or add it to 90° when they are of 
contrary names; and the sum or remainder will be the Sun’s polar 
distance. 

2. Add together the Sun’s altitude, the polar distance, and the lati- 
tude of the place of observation; take the difference between half 
their sum and the Sun’s altitude, and note the remainder: 

3. Then add together, 

The co. secant of the polar distance (X XV.) 
‘The secant of the latitude; 

The co. sine of the half sum; 

The sine of the remainder ; 

And the constant logarithm 5.30108. 

4, The sum of these five logarithms, rejecting tens in the index, 
will be the log. rising (X XIX.) answering to the apparent time from 
the nearest noon; consequently, if the observation be made in the 
morning, the time thus found must be taken from 24 hours to obtain 
the apparent time from the preceding noon. Hence the error of the 
watch may be found. 


METHOD It. 


1. If the Sun’s declination and co. latitude of the place be one north 
and the other south, take their difference; but if they be both north 
or both south, take their sum for the meridian altitude. If that sum 
exceed 90° take it from 180°. | 

2. From the natural sine of the Sun’s meridian altitude (XXVI.) 
take the natural sine of the Sun's true altitude; then add together 

The log. co. secant of the co. latitude (XXV.), 2 rejecting their in- 

The log. secant of the declination, § dices. 

And the log. of the difference of the natural sines (X XIV.) 

3. The sum of these three logarithms being found in the Table of 
rising (XXTX.,) the corresponding time will be the apparent time from 
the nearest noon, as before, 


‘. ‘ i 
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METHOD III. 


1, When the Sun’s declination and the latitude of the place are of 
the same name, take their difference, but when they are of contrary 
names take their sum, under which set the Sun’s zenith distance* ; 
take the sum and difference of these, also the half sum and half dif- 
ference ; then add together, 

2. The log. secant of the latitude (X XV.) 

The log. secant of the declination ; 
The log. sine of the half sum ; 

The log. sine of the half difference ; 
And the constant logarithm 5.301030, 

The sum of these five logarithms (rejecting tens in the index) will 
be tne log. rising (X XIX.) answering to the apparent time from noon, 
-as before. 

This method of finding the apparent time will be found very con- 
_ venient when it is required to work to the nearest second; since the 
proportional parts to seconds, being all additive, may be added at 
once with the logarithms, to find the log. rising. 

Nore. The observations should be taken when the Sun is at least 
three points from the meridian, and the nearer it is to the east or west 
points of the horizon the better, because then the change of altitude 
is quickest, and an error of a few miles in latitude will not materially 
affect the time.+ 

It will be proper to observe several altitudes, noting the times by 
the watch when each is observed, and to use the means of the sets, 
which are found by adding the sets together, and dividing their sum 
- by the number that are taken. 


EXAMPLE I. 


August 16, 1830, the following observations were made of the 
Sun’s lower limb, in latitude 36° 31’ N. and longitude by account 
152° E. the height of the eye being 20 feet: required the apparent 
time, and from thence the error of the watch. 


Times. Altitudes. 
nm. § (e) ‘ i] ‘ M“ ° ‘ “ 
24 20 Obs. alt. ©’slowerl. 23 50 24 ©’sdec.Aug.16,13 50 45 N 


440 0 
41 10 24 4 efi Ea Se 11 3_ Corr: for long. 4+ 3 9 
42 § 23 50% Dipofhor. 417 3 re scitieala 
43 9 23 36 ey ; 13 58 54 
44 17 23 21% Sun’s app. altitude 24 1 56 Corr.fortime — 3 46 
——-__ Refraction 2 — 2 38 


a10 32 119 12 _ 
. Sun’s true altitude 23 59 48 


©’s red. declin. 13 55 3 
442 6 23 50 24 Means. 


Polar distance 76 4 52 


* The zenith distance is found by subtracting the altitade from 90°. 
+ The time from noon when the Sun bears east or west is found by Table XL. 


+ - 
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METHOD f. 


fo) ’ 
True altitude -! 2g PHO 4 
Polar distance . 76 § ‘ Co. secant 0.01294 
Latitude ¢ 36 31 . Secant 0.09492 
Sum : 136 36 
Half Sum : 68 18 , Co. sine 9.56799 
Remainder ‘ 44 18 : Sine 9.84411 


Const. Log. 5 - 30103 

h. m 8 ——— 

Apparenttime 4 41 oO Log. rising 4.82090 
Time per watch 4 42 6 
6 


Watch too fast I 


METHOD II. 


oO ‘ 
Co. latitude ; 53 29 N. . Co. secant 0.09492 
Declination f 13. 55 N. 4 Secant 0.01294 
Meridian altitude . 67 24 Nat. sine 92321 
True altitude ; 24 0 £Nat.sine 40674 
Difference 51647 . Log. . 4.71305 

h. m. s. 
Apparent time . 4 41 oO Log. rising 4.82091 , 
Time per watch : 4 42 6 
Watch too fast 4 in.0 


METHOD IiIt. 


9 
Latitude . 36 31 oN. . : Secant 0.094915 
Declination . 13 55 8N. ° : Secant 0.012939 
— 4* 
Difference 3 2% 3552 
Zenith distance : 66. ‘e7 P24 
ee t?) " 4 
Sum a 88 36 4 £x2Half 44 18 2 . Sine 9.844114 
Difference . 43 24 20 Half 21 42 10 . Sine 9.567904 
53 
Const. Log. 5.301039 
h. m. 8. wea 
Apparent time 4 41 Log. rising 4.82096. 


I 
Time per watch ° 4 42 6 
Watch too fast . 5 


EXAMPLE II. 


March 14, 1830, the following observations of the Sun’s lower 
limb were made in latitude 17° 28’ 30" N. and longitude 99° 30’ W. 
the height of the eye being 22 feet, and the error of the Sextant 


* For the method of finding the proportional parts to seconds, see explanation to 
Table XXV. page xxii. 
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2' 50° to be subtracted: required the apparent time and error of the 
watch. | . 
Times. Altitudes. oe On); 
hm. 5s o » 4» Obs.alt. ©’s lowerl. 10 33 20. ©’sdec.Mar. 15, 2 12 498. 
18 42 52 ro 28 45 Sun’ssemid. 16’ a ergs hg Corr. forlong. — 6 29 
44 50 35 30 Dipofhor. 4 30 3 


46 44 44 15 ete 2 620 
Sy ———_ Sun’sapp. altitude 10 44 56 Corr.fortime + 35 5 
3) 134 26 108 30 Refraction . — 454 
—_—_—— Sos —— ©’sred.declin. 2 11 25 
18 44 49 Io 36 10 Sun’strue altitude 1040 2 go 
24 — 2 50Index Error. PEE ee 


Polar distance 92 11 25 
5 1§ II IO 33 20 
Time from noon, 


~ March r5. 
4 METHOD I. 
True altitude ‘ 19 40 
Polar distance gz 11% : Co, secant 0.00032 
Latitude : 7 at : Secant 0202052 
Sum ; 120 20 
Half Sum ; 60 I0 ° Co.sine 9.69678 
Remainder . 49 30 ° Sine 9.88105 
Const. Log. § «30103 
De ate aay e ——— 
Time from noon 5 12 24 . Log. rising 4.89970 
24 


Apparent time 18 47 36 
Time per watch 18 44 49 


ae 


Watch too slow 2 47 
METHOD II. 

a ° e 
Co. latitude ‘ 92. 312 N. ° Co. secant 0.02052 
Declination 2 1128. : Secant 0.00032 

Meridian altitude ‘ 470 20 6©Nat. sine 94167 
True altitude A 10 40 Nat.sine 18510 
Difference 75657 . Log. . 4.87885 
h. m. 8. ee 
Time from noon 5 12 24 , . Log. rising 4.89969 
METHOD IIl. 

fae a “ 20 
Latitude ° 17 28 30N. ‘ : Secant 0.020501 
Declination ‘ % 11 258. . 5 Secant 0.000315 
—— y 

sum . 3939 uss 

Zenith distance . 719 19 58 
ord : Io% 
Sum . 98 59 53 Half 49 29 56 . Sine 9.880938 
Difference - s9 40 3 Half 2950 £ . Sine 9.696775 
4 
Const, Log. 5.301030 
h m. 58. a: 
Time from noon , 5 12 24 : Log. rising 4.89969. 


Having found the time from noon, proceed to find the error of the 
watch as in the first method. 


* ¥ - ¥ "oS re 
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To find the apparent Time, and thence the Error of the Watch, by an 
Altitude of a Star. 


Rute.—l. From the observed altitude of the Star, subtract the 
dip and refraction (V. IV.), and the remainder will be the Star’s true 
altitude. , 

2. Reduce the Star’s right ascension and declination (XIV.), and the 
Sun’s right ascension (taken from page II. of the Nautical Almanac), 
to the time of observation (X XII.) 

_ 8. Proceed as with the Sun, by either of the methods in the last 

problem, to find the hour angle, or Star’s distance from the meridian 
(which with the Sun is the time from noon ;) this being added to the 
Star’s right ascension ; if the Star be to the westward of the meridian,*® 
or subtracted from it if the Star be to tne eastward, the sum or remain- 
der will be the right ascension of the meridian. 

4, From the right ascension of the meridian, increased by 24 hours 
if necessary, subtract the Sun’s reduced right ascension ; and the re- 
mainder will be the apparent time of observation at the meridian of 
the ship. Hence the error of the watch may be found. 

Nore. If the time at the ship or the longitude be not nearly known,, 
then from the right ascension of the meridian subtract the Sun’s right 
ascension for the nearest noon, and the remainder will be the time 
at the ship nearly ; to this add the correction for the time from noon 
(X XII.) if the observation be taken in the morning, but subtract it if 
taken in the afternoon; likewise add the correction for longitude if 
the longitude be east, or subtract it if it be west; and the result will 
be the apparent time. 


EXAMPLE I. 


April 22, 1830, in latitude 42° 13’ N. and longitude 12° 42’ W. 
at Sh. 14m. lds. per watch, the observed altitude of the Star 
Arcturus, being then east of the meridian, was 36° 57’, and the 
height of the eye was 24 feet: required the apparent time and error 
of the watch. 


' h. mM, §&. 
Obs. alt. of Arcturus - 36 57 Right Ascen. of Arcturus, 1820 14 7 27 
Dip of horizon - - - — § Ann. Var,28 73 X10}—= - + 28 
Refraction . - - — I ee es: ee 
Reduced R, A. of Arcturus - 14 7 55 
True alt. of Arcturus’ - PRs tek 6 
hm. s. oes 
Sun’s right ascen. April 22 - 1 58 38 Declin. of Arcturus, 1820 ~ - 20 7 28 N 
Corr. for long. 129 42) W. - + oO 7 Ann. Var. 18".99 x 10 = + — 3 16 
Corr. for time, 8h.14m. aft.noon 4+ I 17 


| ———— Reduced declin. of Arcturus 20 4 12 
Sun’s reduced right ascension 2 O 2 go 


Star’s Polar distance - 69 55 48 
* The time of the principa. Star’s passing the meridian will be found in Table XV. 
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METHOD I. 


‘ 


True altitude - 36 51 


Polar distance - 69 56 - Co. secant - 0.02720 

Latitude - 42 13 - Secant - 0.13041 

Sum =) Stag SA-o 

Half sum . 74 30 - Co.sine -' 9.42690 

Remainder - A7**349 - Sine -  9-78593 

‘ ‘ Const. Log. - 5.30103 
h. m. s. 


Dist. of Arcturus from meridian 3 51 48East - Log. rising - 4.67147 


METHOD Il. 


{ O2aey , 
Co, Latitude - - Sh Wy FP We Re > - Co. secant 0.13041 
Declination - Pee 2010 LANG (el Ce - Secant 0.02720 
Meridian altitude” - - 67 51 - Nat. sine 92620 
True altitude - - 36 51 - Nat. sine 59972 
Difference 32648 - Log. - 4.51386 
h, “mm: “os, 
Star’s distance from meridian3 51 48East.  - > - Log.rising 4.67147 


Star’s right ascension - 14 7 55 


—$—$- 


Right ascen. of meridian- 10 16 7 


_ Sun’s right ascension” - 2 See 
Apparent time - Shi an ee erg 
Time per watch - - S14 irs 
Watch too slow - . I 50 


EXAMPLE II. 


January 5, 1830, in latitude 18° 20’ N., and longitude by account 
55° 45’ West, the following altitudes of the Star Procyon were taken 
when it was west of the meridian; the observer’s eye being 20 feet 
above the surface of the sea: required the apparent time and error of 
the watch. 

Times. ‘Altitudes. 


h. m. s. ot 4} : oly h. m 8. 

At 30 . 26,:15 Star’s obs. altitude - 24 o Star’s Rt.Ascen.1820 7 29 53 

AS 10. °25 14 Dip of horizon - — 4 Ann.var.38.15 X Io=+ 32 

HS 25°'- 24° 29 Refraction ar — 2 wee 

54 30 22 47 ——— Star’sred. Rt. Ascen. 7 30 25 

59,13.) 2Ie%7 Star’s true altitude - 23 54 pS 

—_— h. m. s. Star’s Declin. 1820 5 40 46 

5) 248 48 120 2 Sun’s R.A. Jan.6 19 8 22 Ann.var.8".54X1o=— 1 25 
—_—— Corr. for long. - + o 4r 

— 11g Star’sreduced Declin.5 39 21 


1649 45 24 0 Corr. fortime  - 
24 


—— Sun’s red. R.Ascen. 19 7 44 — 
7 10 15 Star’sPolarDistance 84 20 39 
Time before noon, 
January 6th. 
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METHOD I. 

o 7 
True altitude ae LT 
Polar distance - 84 21 - Co. secant - ©.00212 
Latitude - 18 20 -  Secant - 0.02262 
Sum « 4) 1200a8 
Half sum “ 63 7; - Co.sine - 9.65268 
Remainder - 39,2234. - Sine - g-80251 


Const. Log. - 5.30103 


h. m. s. 
Star’s distance from meridian 4 26 40West - Log. rising - 4.78096 


METHOD Il. - 
° 
Co. Latitude - - on oe 40 1 ealag bt . - Co. secant 0.02262 
Declination - - eye Soa Net Le - - Secant 0.00212 


Meridian altitude - - 77 19 - Nat.sine 97560 
True altitude - - 23 54 - Nat.sine 40514 


Difference 57046 - Log. - 4.75623 


1 ae 
Star’s distance from meridian4 26 40 West. - . - Log. rising 4.78097 
Star’s right ascension - 78°20) 25 ‘ 


Right ascen. of meridian- 11 57 5 24h. 
Sun’s right ascension -, 19 7 44 


Apparenttime 3: - - 16 49 21 
Time per watch - - 16 49 45 
Watch too fast - - OQ 24 


To find the Error of a Watch by equal Altitudes of the Sun. 


Rure.—l. In the morning, when the Sun is nearly east, or at least 
three or four points from the meridian, take several altituthes, and 
note the corresponding times that are shewn by the watch since the 
preceding noon. In the afternoon, observe when the Sun has the 
same altitudes, and note down the times opposite the respective 
altitudes, adding 24 hours to each. ‘Take the means of the morn- 
ing and afternoon times, add them together, and half their sum 
will be the middle of the times of observation; to this apply the 
equation of equal altitudes from Table XXXVI. and the result will 
pe the time per watch when the Sun was on the meridian: the differ- 
ence between which and 24 hours will be the error of the watch at 
apparent noon. | 

2. To find the error of the watch for mean time, apply the equation 
of time (taken from page II. of the Nautical Almanac, and reduced 
to the meridian of the ship by Table XX XVII.) to 24 hours, by addi- 
tion or subtraction, as directed in the column from which it is taken, 
ana the sum or remainder will be the mean time when the Sun is on 
the meridian; the difference between which and the time per watch 
at apparent noon, will be the error of the watch for mean time. 

Nore. This method of finding the error of a watch, and thereby 
iegulating its going, is well adapted for practice on shore, where 
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the altitudes may be taken with a Sextant by means of an Artificial 
Horizon*, and the corresponding times found with great exacte 
ness; and it is recommended in observing, to fix the Index of the 
Sextant to some particular division, and wait till the contact of the 
images takes place. : 


EXAMPLE LI. 
July 22, 1830, at Edinburgh, in latitude 55° 57’ N., and longi- 
tude 3° 12' W., the following observations were made at equal alti- 
tudes of the Sun: required the error of the watch. 


Alts. of Sun’s low. 1. eines per watch A.M Times per watch P. M. 


- ine cg m s hh) / Te 
% wero AO. B20 Ce - 97-4342 
ch ae” adil 9 29 r 42 35 
a5 <3? F io 637 = ~ 4I 24 
28 26 127 41 
Means 20 9 29 - - 27 42 34 
27 42 34 - - 20 9 29 
Interval : 763 9 > " 4] $4" "3 
Middle time - a3 "SOeers 
Latitude - - - 55° 57' - Tang. -* 10.17020 
Equation to equal altitudes, first part (XXXVI.) 30.8 L 
to Sun’s longitude 3 S. 29°, and interval 74 33m 6 DB's eas? IEE 
Reduced equation, first part : - 4+ 13°.13 Log. © 1.11812 
: second part - = - <= 4.82 
Equation to equal altitudes - . + 11 .31 
Middle time - - 23h 56™ 1° 
a hm 3 
Time per watch at apparent noon - 23 56 12 = > 23 56 12 
" 24 ha 
Watch too slow for apparent time - 3 48 
Mean time at apparent noon - : . - BA O35 
Watch too slow for mean time - - - - 9 5! 


i EXAMPLE IL. 

April 10, 1830, at Bombay, in latitude 18°56’ N. and _ longitude 
72° 54’ E. the following equal altitudes of the Sun were observed: 
required the error of the watch. 

Alts. of Sun’slow. 1. Times per watch A.M. —=‘Times per watch P. M. 


ain, m °s h m s8 

Zz ag td - ~ 19 53 30 - - 28 6g «648 
29 «C$ _ ; 53 5% : \ 9 25 

a9. 15 ce : Lg 2 i Me 8 37 

29 20 == . i lt ee: : 8 17 

a17 36 7 

Means - 19 5415 - 4 Bg ha 

a a 1g 54 15 

Interval Ss - $ 14 47 4g 3 17 
Middle time : 7 ai ml 


® Fora description of the several kinds of Artificial Horizons, and the method of 
taking altitudes with them, see page 218. Hh 
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Latitude : - Maier 189 56’ - Tang. - 9.53533 
Equation to equal altitudes, first part : A XY% r 
to Sun’s longitude oS. 20° and interval $b i5m iia Log. T 23830 
Reduced equation, first part - — 5%.94 - Log. = 0.77363 
second part - . + I .10 
Equation to equal altitudes - — 4 .84 
Middle time © - . ~ 24h im 388 
Sc eaeeeeeD h m 8 
Time per watch at apparent noon oar 633 “ 24 I 33 
24 
Wateh fast for apparent time « I 33 
Mean time at apparent noon - : 44 1 28... 
Watch fast-for mean time " i 5 


TO FIND THE LONGITUDE BY LUNAR OBSERVATIONS. 
To find the apparent Altitudes and Distance. 


Ruxie.—1. Turn the Ship’s longitude by account into time (XIX.) 
and add it to the time at the ship if it be west, but subtract it if east; 
the sum or remainder will be the supposed time at Greenwich *, 
which call reduced time. 

2. From page VII. of the month in the Nautical Almanac take out 
the Moon’s horizontal parallax and semidiameter, and reduce them to 
the time of observationt; from Table VII. take a number of seconds 
answering to the observed altitude, which add to the Moon’s 
reduced semidiameter, and their sum will be the Moon’s augmented 
semidiameter. ) 

3. If the Moon’s lower limb be observed, add the semidiameter to 
the observed altitude, but if the upper limb be taken, subtract it; 
from the sum or remainder subtract the dip of the Horizon (V.) and 
the result will be the Moon’s apparent altitude. 


* In east longitude, when the longitude in time exceeds the time at the ship, add 
24 hours to the latter, and subtract as before; then the remainder wili be the time from 
noon of che preceding day. 

In west longitude, when the sum of the longitude in time, and the time at the ship 
exceeds 24 hours, take 24 hours from it, and the remainder will be the time from noon 
of the following day. 

+ ‘The Moon’s horizontal parallax and semidiameter are reduced to the time of obser- 
vation thus: take them out for the nearest noon and midnight, before and after the 
reduced time, and find their difference: then say, as 12 hours, is to the diiference in 
12 hours, so is the reduced time since the preceding noon or midnight, to a proportional 
part; which, being added to or subtracted from the horizontal parallax or semidiameter 
at the preceding noon or midnight, according as it is increasing or decreasing, will give 
them reduced to the time of observation. Or the proportional parts may be taken out 
by inspection from Table XLI, If the reduced time be nearnoon or midnight, the 
reduction will not be necessary, as may be seen in the first and second examples. 


OF WORKING A LUNAK OBSERVATION. 235 


4, Then, zf the Sun be observed, to the observed altitude of the 
lower limb add the semidiameter (taken from page III. of the month 
in the Nautical Almanac) and subtract the dip; the result will be the 
Sun’s apparent altitude. 

5. 'T’o the observed distance add the semidiameters of the Sun and 
Moon: their sum will be the apparent distance 

6. But, if a Star be observed, from its observea altitude subtract the 
dip, and the remainder will be the Star’s apparent altitude. 

.7. To the observed distance of the Moon and Star, add the Moon’s 
semidiameter, if the nearest limb was taken, but subtract it if the 
_ farthest limb was observed: their sum or difference will be the 

‘apparent distance. 


To find the true Distance*. 
METHOD I. 


Rutr.—1. To the correction of the Moon’s altitude (KX XX.) add 
the correction of the Sun or Star’s altitude+; their sum, added to 
the difference of the apparent altitudes, when the Moon’s altitude is 
greater, or subtracted from it, when the Moon’s altitude is less than 
the Sun or Star’s, will give the difference of their true altitudes. 

2. From the natural co-sine of the difference of the apparent 
altitudes (KX VI.) subtract the natural co-sine of the apparent dis- 
tance, when the apparent distance is less than 90°; but when it is 
greater, add together the natural co-sines; and to the logarithm of 
this sum or remainder (XXIV.) add the logarithmic difference 
(XXXI.:) then, the difference between the natural number of this 
sum and the natural cé-sine of tlie difference of the two altitudes, 
will be the natural co-sine of the true distance, when the natural num- 
ber is less than the natural co-sine of the difference of the two alti- 
tudes; otherwise the remainder will be the natural co-sine of the 
supplement of the true distance, or the natural sine of the excess of 
the true distance above 90°. 


METHOD It. 


RvuxrE.—t. To the eam of the apparent altitudes add the difference 
of the correction of the Moon’s altitude (XXX.) and that of the Sun 
or Star’s altitudet, which will give the sum of the true altitudes, of 
which take the half. 


* Five different methods of clearing the distance are here given: the first is Mr. 
Dunthorne’s; the second is derived from that of M. Borda, abridged by the Table of 
Logarithmic differences ; both requiring six places of figures; the third is similar to tisat 
given by Mr. Witchell, and requires only four places of figures; the fourth was invented 
by Mendoza Rios, Esq. and has the peculiar advantage of not requiring any distinction 
of cases ; the fifth is Mr. Lyons’, improved by using a set of Linear ‘Tables invented and 
published by the author of this work. These Tables, for correcting the apparent dis- 
tance for the effect of refraction without calculation, render this method one of the 
easiest and shortest that have been proposed. 

+ The Sun’s correction is the difference of the refraction and parallax in altitude 
(IV. VI.) The Star’s correction is the refraction in altitude (1V.) 
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2. Add together the apparent altitudes and apparent distance, 
and find the difference between half this sum and the apparent 
distance. 

3. To the log. co-sines of the half sum and difference (XK XV.) add 
the logarithmic difference (XX XI.) and half the sum of these three 

logarithms will be the log. sine of an arch. 

4, Add together the log. co-sines of the sum and difference of the 
arch, and half the sum of the true altitudes; then will half the sum 
of these two logarithms be the log. sine of half the true distance. 

Nore. In the preceding methods it may be observed that the 
seconds of the apparent distance may be omitted until the operation 
is finished, and then they are to be added to the computed distance. 
If the sum of the apparent distance and altitudes should have an odd 
digit in the units place of the minutes, the minutes in the distance 
may be increased by an unit; and, in this case, what the given 
number of seconds wants of 60’, are to be subtracted from the com- 
puted distance, . 


METHOD Iti. 


Rutze.—1. Add the Sun or Star’s andthe Moon’s apparent altitudes 
together, and take half their sum; subtract the less from the greater, 
and take half the difference; then add together, 

the log. co-tangent of half the sum (X XV.) 
the log. tangent of half the difference ; 

and the log. co-tangent of half the apparent distance: 
their sum, rejecting the tens in the Index, will be the log. tangent of 
an arch, which call a. 

2. When the Sun or Star’s altitude is greater than the Moon’s, take 
the difference between the arch a and half the apparent distance; 
but if less, take their sum; then add together, 

the log. co-tangent of this sum or difference; 
the log. co-tangent of the Sun or Star’s apparent altitude ; 

and the proportional logarithm (XXXIV.) of the Sun or Star’s 
correction*; their sum, rejecting the tens in the index, will be the 
proportional logarithm of the first correction. 

Or, the refraction (IV.) answering to the complement of the above- 
mentioned sum or difference will be the first correction nearly. 

3. Ifthe sum of the arch a, and half the apparent distance, was 
taken in the preceding article, now take their difference; but if their 
difference was then taken, now take theirsum; then add together, 

the log. co-tangent of this sum or difference; 

the log. co-tangent of the Moon’s apparent altitude: 
“and the proportional log. (X XXIV.) of the Moon’s correction 
(XX X.) their sum, rejecting the tens in the index, will be the propor 
tional logarithm of the second correction. 


@ 


® The Sun’s correction is the difference of the refraction and parallax in altitude 
(IV. VI.) The Star's correction is the refraction in altitude (IV.) ; 
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4. When the arch a is less than half the apparent distance, the 
first correction must be added to, and the second correction sub- 
tracted from the apparent distance; but when the arch a is greater, 
both the first and second corrections are to be added to the apparent 
distance, if the Moon’s altitude is the greater; but when the Moon’s 
altitude is the less, they are both to be subtracted from it, to give 
the corrected distance. 

5. Enter Table XXXV. with the corrected distance at the top or 
bottom, and the Moon’s correction and second correction alternately 
in the side column: the difference between the number of the 
seconds thus taken out being added to the corrected distance, when it 
1s less than 90°, or subtracted from it when above, will give tke true 
distance. 


METHOD IV. 


_ Rure.—1i. Add together the apparent distance and apparent alti- 
tudes, and take half their sum; the difference between the half sum 
and the Sun or Star’s apparent altitude call the first remainder: and 
the difference between the half sum and the Moon’s apparent altitude 
call the second remainder. 

2. Add together, 

the log. sine of the apparent distance; 

the log. co-sine of the Moon’s apparent altitude ; 

the log. secant of the half sur; 

the log. co-secant of the first semainder; 
the proportional log. (XX X{V.) of the Moon’s correc. (XXX.) 
and the constant logarithm 9.6990 ; 

their sum, rejecting the tens in the index, will be the proportional 
logarithm of the first correction. 

3. Add together, © 

the log. sine of the apparent distance (already found ;) 

the log. co-sine of the Sun or Star’s apparent altitude; 

the log. secant of the half sum (already found ;) 

the log. co-secant of the second remainder ; 

the proportional log. (KX XXIV.) of the Sun or Star's correc. * ; 

and the constant logarithm 9.6990. 
their sum, rejecting the tens in the index, will be the proportional 
logarithm of the second correction. 

4, The difference between the first correction and the correction 
of the Moon’s altitude, call the difference of corrections. 

Enter Table XX XV. with the apparent distance at the top, and 
the Moon’s correction in the side column, the corresponding number 
will be the third correction; in the same column, and opposite the 
difference of corrections, will be found the fourth correction. 

5. Subtract the sum of the Moon’s correction, and the second and 
fourth corrections, from the apparent distance; to the remainder add 


® The Sun’s correction is ths difference of the refraction and parallax in altitude 
(1V. VI.) The Star’s correction is the refraction in altitude (IV.) 
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the Sun or Star’s correction, and the first and third corrections ; their 
sum will be the true distance. 


METHOD V. 


1. To the apparent distance add the correction taken from the 
Linear Tables; the sum will be the distance corrected for refraction. 
2. Add together the sine of the corrected distance (X XV.), the co- 
secant of the Sun or Star’s apparent altitude, and the proportional 
logarithm (X XXIV.) of the Moon’s horizontal parallax; the sum, 
rejecting 20 in the index, will be.the proportional logarithm of the 
rst arch. 

8. Add together the tangent of the corrected distance, the co-se-: 
cant of the Moon’s apparent altitude, and the proportional logarithm 
of the Moon’s horizontal parallax ; the sum, rejecting 20 in the index, 
will be the proportional logarithm of the second arch. 

4. When the distance ts less than 90°, the difference of the first and 
second arches is a correction for parallax, which, subtracted from the 
corrected distance when the first arch is the greater, or added fo it 
when che first arch is the less, the sum or remainder will be the dis- 
tance corrected for the Moon’s parallax. 

‘But, when the distance is greater than 90°, the sum of the two 
arches is a correction-for parallax, and is always to be subtracted from 
the corrected distance. . 

5. Enter Table XX XV. with the distance at the top, and the 
Moon’s parallax in altitude* in the left side column, and take out a 
number of seconds answering thereto; in the same column, opposite 
the correction for parallax, find another number of seconds; the dif- 
ference between these being added to the distance corrected for re- 
fraction and parallax, when it is less than 90°, or subtracted from it 
when above, the sum or remainder will give the true distance, 


Having the true Distance to find the Longitude. 


Ruxre.—1. Among the true distances of the Moon’s center from 
the Sun or fixed Stars, set down in pages VIII, LX, X, and XI, of 
‘ each month in the Nautical Almanac, find those two distances on the 
- given day that are next less and greater than the true distance found 
by the observation, which place under it: take the difference between 
the true distance and the first of these two distances, also the difler- 
ence between the two distances; subtract the proportional logarithm 
of the second difference from the proportional logarithm of the first 
difference, and the remainder will be the proportional logarithm 
of a portion of time, which added to the time that the first of the 
t'vo distances, taken from the Almanac, was computed for, the sum 
wil be tne apparent time at Greenwich. 


* The Moon’s parallax in altitude is found by Table B. (Linear Tables), under the 
Moon’s horizontal parallax, and opposite the Moon’s altitude. 


LUNAR OBSERVATIONS. - 989 


2. Take the difference between the apparent time at Greenwich 
and the apparent time at the Ship* ; convert it into degrees and mi- 
nutes (XIX.) and it will give the true longitude of the Ship; East, 
if the time at the Ship be greater than the time at Greenwich (reckon- 
ed from the same noon), but West if the time at the Ship be less than 
the time at Greenwich. 


EXAMPLE I. 


May 28, 1830, in latitude 23° 30’ N. and longitude by account 59° E., 
about 4h. Om. P. M. the angular distance of the Sun-and Moon was 
observed to be 79° 7’ 25", the altitude of the Sun’s lower limb being 
35° 35’, the altitude of the Moon’s upper limb 64° 12’, and the height 
of the eye 18 feet: required the true longitude of the Ship. 


h. m. 
Time at ship - 4 
Long. in time’ - 3 


o  )’s hor. par. at noon 55 36 )’s semid.at noon 15 9 
56 E. Augmentation + 14 


4 
o 4. Obs. alt. )’s upper limb 64, 12 ))’saug.semid.+- 15 23 
o »  »)’saug.semid.— rs'2g0 tw rq ©'Ssemidiam. + 15 48 
Obs. alt. ©’s l. limb 35 35 Dipofhor. — 4 4 9 Obs. distance 19 7 25 
©’s semid.+ 15’ 48” Q 
Dipofhor.— 4 4 gt 43 


Reduced time - 


}’s apparent altitude 63 53 App. distance 79 38 36 


Sun’s app. alt. - 35 47 


To find the True Distance. 


METHOD I. 
. 0 / s 
Apparent distance - 79 38 - Nat.co.sime - 179947 
Moon’s app. altitude 63 53 
Sun’s app. altitude - 35 47 
Diff. app. altitudes - 28 6 - Nat.co.sine - 882127 


Log. diff. 9.993868 
Moon’s corr, 24’ 00” Q a Difference + 702180 - Tae. . 3 eahaso 
Sun’s corr. 112° § 45 12 Pale ae 
Nat. number - 692337 - Log. - 5.840317 


Diff. true altitudes - 28 31 12 - Nat.co, sine - 878650 


79 15 44 - Nat.co.sine - 186313 


Seconds omitted - - + 36 
True distance - - - 79 16 20 


* If the Sun, or the Star from which the Moon’s distance is computed, be far enough 
from the meridian when the distance was observed, the time at the Ship is to be found 
from its altitude by the Rules in page 226 or 230, but if the object be too near the meri- 
dian. or the altitude taken with the distance cannot well be depended on, (although it 
may be sufficient!y exact for clearing the distance) the time at the Ship, and thence the 
error of the watch, must be found either before or after the distance is taken, and the 
error applied to the mean of the times given by the same watch, when the distance is 
observed (as in the third and fourth examples); and it must be understood that in this 
case the longitude deduced from the lunar observation will be that of the Ship, at the 
time the error of the watch was ascertained. 
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Log. diff, 
Co. sine 
Co, sine 


~Sine - 


~ 


Co. sine 
Co. a 


Co. tan. 
Tangent 
Co. tan. 


Tangent 
Co, tan. 
Co. tan. 
P. Log. 
P. Log. 
Co. tan. 
Co. tan. 
P. Log. 


P. Log. 


™Moon’s corr. 


Second corr. 


Fourth corr. 


Sum - - 


Sun’s corr. 
First corr. 


Third corr. 


METHOD II. 
fo} f fe) ‘ 
Moon’s app. altitude 63 §3 - - = = = = 63 53 
Sun’s app. altitude - 35 47 - = = 2+ = = 35 47 
App. distance - 79 38 
Sum of app. altitudes 99 40 
Moon’s corr. 24’ 00” Q + 22 48 Sum - - - * 179 18 - 
Sun’s corr, I 12 § Half - - - + 8&9 39 = 
—_—_—— Difference - »- 101 = 
Sum of true altitudes too 2 48 
Pe = Mee ews SO. Tie 
Arch - + - = = 422.2 (.§ © &\m 2 © we = = 
Sum = = - - « 542625 -2- = = = = = = © © = 
Difference - - 45 3623 = = 2 © = = = © = = 
39 37 5% MPO Saat 
> ety | 
79 15 44 
Seconds omitted . - + 36 
True distance - - 79 16 20 
METHOD III. 
Moon’s app. altitude 63 53 
Sun’s app. altitude - 35 47 
) 
Sum - - - = += 99 40 Half - - = = 4950 
Difference - - - 28 P Half - - - - 14 3 
App. distance - - 79 38 36 Half - - = = 39 49 
First correction - - + I 12 
: Arch A, - - - 14 13 
; 79 39 48 
Second correction - — 23 27 Sum - - - - 54 2 
Sun’s app..alt. - 35 47 
79 16 21% Sun’s correction - 1! 12” 
Third correction - Oo 
First correction - I 12 
True distance - - 79 16 21 
Difference - - - 25° 36/ 
Moon’s app. alt. - 63 53 
Moon’s correction 24/ oo! 
- Second correction 23 27 
METHOD IV. 
fo) 2 
App. distance 79 39 - Sine - 9.9929 - 9-9929 
Moon’s app. alt. 63 53 - Co.sine 9.6437 
Sun’s app. alt. 35 47 - Co.sine - - - + g.gogr 
Sum - - + 1!79 Ig 
Half - - - 89 39 - Secant - 2.2141 - 2.2141 
First remainder 53 52 - Co. secant 0.0928 
Second remainder 25 46 - Co.secant- - - - 0.3618 
Sun’s correction 1/12 - P. Log. - - - - 2.1761 
Moon’s correction 24 0 - P. Log. - 0.8751 
' Const. Log. 9.6990 - 9.6990 
First correction 0 33 - P. Log. 2.5176 P.L.4.3530 


9+993868 


7+785943 
_9+993329 


9.9264 
93984 
10.0790 


9-4038 
9.8607 
10.1422 
2.1761 


2.1790 


10.3196 
9.6904 
0.8751 


0.8851 


O ies 
— 24 0 


MOGs 


I 


App. distance 79 38 36 


79 14 35 
+ 112 
+ 033 
+ I 


True distance 79 16 28 
Second corr. o” 


2 
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METHOD V. 


App. distance - - "9 38 36 
Corr. for refraction +4 1 


Corrected distance 79 40 22 - Sine- - - - - 9.9929 - Tangent 0.7391 
Sun’s app. altitude 35 47 - Co.secant- - - 0.2331 

Moon’s app. altitude 63 53 - Co.secant- - + - = - - = = = = 0.0468 
Moon’s hor. parallax $5 36 - Pro. Log. - - + 0.5102 = + = = + 0.5102 
First arch - - - 33 3 - Pro. Log. - - - 0.7362 
Secondarch - - 9 ig Ta a te aaa - - - + Pro. Log. 1.2961 


Corr. for parallax - — 23 57 
Corrected distance 79 40 22 


99 16 25 
Third correction - Oo 
' True distance - - 79 16 25 


To find the Longitude of the Shep. 


: .) U a 
True distance (by Method v.) 79 16 25 First diff 
Distance at noon - - - - 791417 7 gacond diff 


8. Pro. Log. 1.9262 
Distance at 3 hours - - - 8040 7 % 


- Pro. Log.o.3216 


Proportional part - - - 
Time of first distance - - 


ops 
» 

omer) 
4 
a") 
Loe J 
J 
ie 
is 
aq 
1 
N 
re) 
> 
nN 


App. time at Greenwich - o 4 28 


‘ ‘ 

Sun’s app.altitude - - 35 47 Sun’s declin. May 28, at noon, by N.A.ar 25 38 N. 
Refraction - - - - — I 90 
Sun’s true altitude - - 35 46 Sun’s polar distance 68 34 22 
Sun’s polar distance - 68 34 - Co.secant - 0.03112 
Ship’s latitude - - - 23 30 - Secant - - 0.03760 
Sum - - - - - - 127 §0 
Half - - - - - - 6355 - Co.sine - - 9.64314 
Remainder - - - - 28 g - Sine - - + 9.67374 

Const. Log. - 5.30103 

h. m, s. — 


App. time atShip - 3 5617 - Rising - - 4.68663 
App.timeatGreenwicho 4 28 


Longitude intime - 3 51 49=257° 57’ 15” East, 


EXAMPLE If. 


August 6, 1850, in latitude 47° 10’ S., and longitude by account 
28° 4 45° W. Spat 10h. P. M. the distance of the Moon’s remote limb 
from the Star Antares was observed to be 99° 37’ 50"; at the same 
time the altitude of the Moon’s lower limb was 23° 8’, the altitude of 


11 
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the Star (being westward of the meridian) was 51° 4, and the height 
of the eye 16 feet: required the true longitude of the Ship. 


h. m. 
Time at ship - 10 oom ap ’s hor. par. at midn. 39 25 )’s semid.at Moti: 16, iT 
Long. in time - 1 55W Augmentation + 7 


os 


Reduced time - 1155 Obs. alt. )’s lower limb 23 g ) ’saug.semid.— 16 18 
o , _)’saug.semid.-+ 16/18” 0 + 6 Obs. distance 99 37 50 
Star’s obs. altitude 51 4 ODipofhor. — 350 § 


Dip ofhor,. -~ - — 4 App. distance 99 21 32 


}’s apparent altitude’ 23 20 


Star’s app. altitude 51 o 


To find the True Distance 


METHOD If. 


fe) 
Apparent distance - 99 21 e Nat.co.sine - 162465 


Moon’s app. altitude 23 20 
Star’s app. altitude - 51 o 


Diff. of app. altitudes 27 40 - Nat.co. sine - 885664 
—_——_—_ Log. diff. 9.997207 


Sum - - 1048129 - Log. + 6.020415 


Moon’s corr. 52/22” 0. 4 
Star’s corr. 46 $a 8 te i 

ee Nat.number - lo4141r - Log. - 6.017622 
Diff. of true altitudes 26 46 52 - Nat.co.sine - 892736 


98 33 1 - Nat.co.sine - 148675 
Seconds omitted - - + 32 


True distance - - - 98 33 33 


METHOD II. 


(e) / Oo 4 
Moon’s app. altitude 23 20 © © © = © + = - 23 20 
Star’s app. altitude - 51 oo 9) ah ogee. em 7 eet 


App. distance - 99 22 


Sum of app. altitudes 4 20 
Moon’s corr. 52/ rh 2’ d 4 Sum - - - - 173 42 - Log. diff. 9.997207 
Star’s corr. 6 § nun Half - - - - 8651 - Co.sine 8.739969 
Difference - - 1231 - Co,sine 9.989553 


Sum of true altitudes 45 It 36 
Half - - = += - 37 35 48 18 .726729 
‘Arch = © = + + 132054 °° © = = © - = = = = Sine = 9.363364 


Som 2). MY 50 86 ae PRS, ee Pe pee 2 9.799386 
Difference - = - 241454 << © =.* © = = = = = (Co.sine 9.959887 
t 19+759273 
A9 17 oo. ee en 2 e@ = * # - = Sine Od 9. 79636 

x 2 

98 34 00 


Second increased — 28 


True distance + - 98 33 32 


LUNAR OBSERVATIONS. 218 
METHOD Ii. 
i 
Moon’s app. altitude 23 20 
Star’s app.altitude - 51 oo 
Sot 
Sum - = +--+ + 44 20 Half - - - - 3710 - Co. tan. 10.1203 
Difference - - - 2740 y Half - - - - 1350 - Tangent 9.3914 
App. distance - - gg 21 32 Half - - - - 49 41 . Co.tan. 9.9287 
First correction - - + 39 a 
ArchA, - - - 15 25 - Tangent 9.4404 
99 22 If — 
Second correction - — 48 39 Difference - - - 34 16 - Co.tan. 10.1667 
Star’s app. alt. - 5100 - Co.tan. 9.9084 
98 33 32 Star’s correction - 0’ 46” - P. Log. aMio7 
Third correction - —_— 
First correction - 0 39 - P.Log. 2.4458 
True distance - - 98 33 32 ~ 
Sum - - - - 65° 6’. - Co.tam. 9.6667 
Moon’s app. alt. - 23 20 - Co.tan. 10.3652 
Moon’s correction 52’ 22” - P.Log. 0.5362 
Second correction 48 39 - P. Log. 0.568% 
METHOD IV. fie 
2 ae | Ol tn ow 
App. distance 99 22 - Sine - 9g.9942 - 9.9942 Moon’s corr. — 52 22 
Moon’s app. alt. 23 20 - Co.sine 9.9629 Second corr. — 7 
Star’s app. alt. 51 00 - Co.sine - - - - 9.7989  Fourthcorr,. — 16 
Sum - - = 173 42 Sum - - — §2 45 
App. distance 99. 21 33 
Half - - - 8651 - Secant - 1.2600 - 1.2600 Fup Elke 
First remainder 35 51 - Co. secant 0.2324 98 28 47 
Second remainder 63 31 - Co.secant- - - - 0.0481 Star’s corr. + o 46 
Star’s correction 0/46" - P. Log. - - - = 2.3707 First corr, + 3 43 
Moon’s correction 52 22 - P. Log. - 0.5362 Third corr. + oO 16 
Const. Log. 9.6990 - 9.6990 


“3 43 
Diff. of corrections 48 39 


First correction 


P. Log. 


1.6847 P.L.3.1709 


True distance 98 33 32 


Second corr. 7” 


App. distance - 
Corr. for refraction 


Corrected distance 
Star’s app. altitude 


Moon’s app. altitude 
Moon’s hor. parallax 


Arch first - - - 
Arch second - - 


Corr. for parallax - 


Corrected distance 


Third correction 


True distance - - 


oO : o& 
99 21 32 
+ 2 42 


99 24 
5I co 
23 20 

59 25 


46 48 
3 54 


14 


98 33 32 


METHOD V. 

Sine- - - - + 9.9941 ~ Tangent 
Co. secant - - = 0.1095 

Co. secant - -« = <- - «’/s 2s © « 
Pro. Log. «= - + 0.4814 - - + - 


Pro. Log. - = - 


- Pro, Log, 


0.7811 


_ 0.4022 
- 0.4814 


———— 


1.6647 
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To find the Longitude of the Ship. 


oO + 6 
Trus Distance (by Method v.) 9% 33 32. pirstaif. ¢ 2g 69 ~~ Pro.Lo age 
Distance at g hours- - - 965335 _ « : ee ~ Log. 2555 
Distance atiz2 hours- - - 98 39 If Second diff. ’ 45 30 Pro. Log. 2316 
' .m. 8. Ete 
Proportional part - - - 25022 - Pro,Log. 0239 
Time of first distance - - 9 0 © 


App. time at Greenwich - 11 50 22 


‘ h.'m. s 

(o) . ° 

Star’s app. altitude - - §1 00 Star’s right ascension, 1820 - - - 16 38 22 

Refraction - - - + — I Ann. variation + 38.66 xX lof = - + 38 

Star’s true altitude - - 50 59 Stay’s right ascension, Aug. 183@ - 16 19 00 
* h. m. S. ®@ ‘ a 

Sun’s right ascension, Aug.6 9g 3 40 Star’s declination, 1820 - - 26 1 16S. 
Corr. for Greenwich time, Ann. variation + 8”.62 X 10h + I 31 


1th. 50m. past noon - i +158 EA 2 
Star’s declination, Aug. 1830 26-2 478. 
Sun’s reduced right ascension 9 5 33 go 


Polar distance - 63 57 13 


i 

Star’s true altitude - - 50 59 
Star’s polar distance - 63 57 - Co.secant - 0.04653 
Ship’s latitude - - - 47 10 - Secant - - 0.16758 

Sum - - - - - - 162 6 
Haif sum - - - - 81 3 + Co.sine - - g.19193 
Remainder - - - - 30 4 - Sine - - + 9.69984 
Const. Log. - 5.30103 
h. m. s. —-— 


Star’s distance from meridian 2 47 26 W. Rising - - 4.40691 
Star’s right ascension - - 16 Ig CO 


Right ascension of meridian 19 6 26 
Sun’s right ascension - - 9 § 33 


Apparent time at Ship - I0 0 53 
Apparent time at Greenwich 11 50 22 


Longitude intime - - + I 49 29s 27° 2215” West. 


EXAMPLE III. 


September 7, 1830, in latitude 47° 45'N., and longitude by account 
127° W. the following sets of observations were taken, in order to de- 
termine the true longitude: the height of the eye being 20 feet, the 
watch not regulated, but the errors of the instruments previously as- 
certained. 
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Times. Alt. ©’sl. limb. Alt. )’s up. limb. Distances. 
bh. m. 8 Sie oe G° kate vO ea 
23° 8 45 46 43 #0 799° 15 100. § 22 
10 10 49 15 AE IOS aa 
Leas 54 30 6 55 30 4 5 
12.23 56 15 6 42 oO 3 10 
13-10 sh. Our StL 0 2 50 
S)) (85.045 262 0 34 47 45 20 4 
Means - 23 I Q 46 52 24 6 57 33 I0oo 4° «SI 
+ I 30 — 1 Io — o 15 Ind. Errs, 
46 53 54 6 56 23 too 63 «46 
h. m 


Time atship - 23 II Moon’s hor. par. at noon 59 20 
Long. intime - 8 28. Dittoatmidnight- - 59 2 


Reduced time - 31 39 Difference in 12 hours 18 


24 
ROMs OLS gs. Bh.; 2 12 
Ditto,September8, 7 39 Moon’s hor. par. at noon 59 20 


Moon’s reduced hor. par. 59 8 


Obs. alt. ©’s I. limb 46 34 Obs. alt. }’s upper limb 6 56 
©’ssemid.+15’55” 2 )’saug.semid.—16’ 9” 2 
Dipofhor.— 417 gt aA Dip of hor. — 417 er ae 


Sun’s app. altitude 47 6 Moon’s app. altitude 


%> 
nN 


q a 
Moon’s semid. at noon16 10 


Ditto at midnight - 16 5 
Difference int2 hours 5 
f 


12h. |: SP 3550s) OMS eae 
Moon’s semid. at noon 16 10 


Moon’s reduced semid.16 7 
Augmentation - + 2 


Moon’saug.semid. + 16 9 
Sun’s semidiam, + 15 55 
Obs. distance - 100° 3 46 


App. distance - 100 35 50 


To find the True Distance. 


METHOD III. 


i 
Moon’s app. altitude 6 36 
Sun’s app. altitude - 47 6 
Os ¢ 
Sum - - - = = $3 42 - Half - - - - 2651 - Co. tan, 10.2957 
Difference - - - 4030 , - Half - - - - 2015 + Tangent 9.5669 
Apparent distance - 100 35 50 - Half - - - + 5018 - Co.tan. 9.9192 
First correction - - + 18 ———— 
—_—-- Arch A. - - - 31 11 - Tangent 9.7818 
100 36 8 wa 
Second correction - — 39 24 Difference - - - I9 7 + Co, tan. 10.4602 
———- Sun’s app. alt. - 47 6 - Co.tan. 9g.968r 
99 56 44 Sun’s correction - 0/47” - P. Log. 2.3613 
Third correction - — 2 ——— 
cae First correction - 0 18 - P. Log. 2.7896 
True distance - - 99 56 42 —— 
Sum - - - - - 8x9 29/-- Co.tam, 9.1754 
Moon’s app. alt. - 6 36 - Co.tan. 10.9367 
Moon’s correction 50’ 59” - P.Log. 0.5478 
Second correction 39 24 - P.Log. 0.6599 
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METHOD IV. 


( 

App. distance 160 36 - Sine ~- 9.9925 - 9.9925 Moon’s corr. sa 50 59 
Moon’s app. alt. 6 36 + Co. sine 9.9971 Second corr. — 29 
Sun’sapp.alt. 47 6 + Co.Sine - - + - 9.8330 Fourthcorr, — 7 
Sum - - - 154 18 A Sum - - - — 51 46 

; App. distance 100 3§ 50 
Halfsum - - 77 9 + Secant + 0.6529 - 0.6529 a 
First remainder 30 3 - Co. secant 0.3004 99 44 4 
Second remainder 70 33 - Co. secant- - - - 0.0255 Sun’s corr. + 47 
Sun’s correction 0/47" - P. Log. - - += - 2.3613 ~ First corr. + 11 38 
Moon’s correction 50 59 - P. Log. - 0.5478 Third corr. +-_ 16 


Const. Log. 9.6990 - 9.6990 


True distance 99 56 45 
First correction 11 38 - P.Log. 1.1897 P.L.2.5642 - Second corr, 29” 


Diff. ofcorr. + 39 21 


METHOD V. 
i 
ome. 2 
App. distance - + 100 35 50 
Corr. for refraction + 6 16 


Corrected distance 100 42 6 + Sine- - - - + 9.9924 - Tangent 06.7236 
Sun’s app. altitude 47 6 - Co.secant- - + 0.1352 ; 

Moon’s app. altitude 6 36 - ‘Co.secant- - - - - += © = = © © 0.9395 
Moon’s hor, parallax 59 8 - Pro. Log. - - += 0.4834 + += - + = 0.4834 
First arch - - - 44 § - Pro. Log, - - = 0.6110 

Secondarch - - TIyz7 + = - - 2 © = «© + + + = Pro, Log. 2.1465 


Corr. for parallax - — 45 22 
Corrected distance 100 42 6 


99 56 44 
Third correction - — 2 


True distance - - 99 56 42 


To find the Longitude of the Shap. 


fe} ‘ a 
True Distance (by Method v.) 99 56 42 Goomt diff. Ee os 
Distance at 6 hours - - + 100 5010 — MEE UNE. 0 $398 =) BO Log. 5272 
Distance at hours - - - 99 11 44 ” Second diff. 1 338 26 - Pro.Log. 2621 
h. m. s. ee 
Proportional part - - - 1 37 46 - Pro.Log. 2651 
Time of first distance - - 6  . 


App. time at Greenwich, Sept.8 - 7 37 46 
24 


App. time at Greenwich, Sept.7 - 31 37 46 


~ 
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_The Sun being too near the meridian at the time of takine the 
distances, to infer the time from its altitude, the followine observations 
were made in the afternoon, in order to determine Se ieercn of the 
watch: the latitude of the Ship being then 47° 8’ N., the longitude 
by account 126° 17’ W., and the error of the Sextant 1' 10” to add, 


Times. Alt.@’s l.limb. 
Meet Bag. /; 


7] ° 
4 815 2240 0 Obs.alt.©’sl.limb 2212 I ©’sdeclin.Sept.8,% 4% 18N. 
9 30 2224 0 Cirome deck 5/55. 0 a! rato Corr. for long. - — 8 o 
10 26 622 13 30 Dipofhor.— 4 17 § 3° Corr. for time - — 4.0 


12 O 21 54 45 —_——. 

13,19 21 42 © Sun’s app.altitude 22 23 39 Sun’s red. declin. 5 36 18 
ee CIACUON == =. — 2 1% go 

53 39 110 54 15 


Sun’s true altitude 22 21 21 ©’sPolardistance 84 23 42 
4 10 42 22 10 51 Means. 
+ 1 10 Index Error. 


2212 1 
? * o f 
Sun’s true altitude - - 22 21 
Sun’s polar distance - 84 24 - Co.secant - 0.00208 
Ship’s latitude - - - 47 8 - Secant - - 0.16730 
Beal ery) 8) AP" 35453 
Half sum - - = = 76 564 - Co.sine - + 9.35400 
Remainder - - - ~ 54 354- Sine - - + 9.91118 
Const. Log. - 5.30103 
h. m. s, ———— 
App. time at Ship, Sept.8 4 11 29 - Rising - - 4.73559 
Time per Watch - - - 4 10 42 
Watch too slow - - - - + 0 47 


Time of obs, dist. per Watch 23 11 9 


App. time of obs. dist, at 2 
Ship, Sept,7 - - - $23 21 s6 
App. time at Greenwich, 2 


past noon, Sept.7 - §°' 37 ap 
Longitude intime - - - 8 25 5022126° 27! 30” West. 


Nore. The above is the longitude of the Ship at 4h. 11m. 29s. P. M., 
the time when the error of the watch was found, and is to be reduced 
to noon, or any other time, by the log. 

Thus, suppose it were required to find the Longitude of the Ship 
when the distances were observed. By comparing the longitudes by 
account at both observations, it appears that the ship has made 43 miles 
of longitude to the east ; which, therefore, added to 126° 27’ 30” W., 
the longitude when the altitudes were observed for time, gives the 
longitude 127° 10’ 30" W. when the distances were taken. 
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EXAMPLE IV. 


March 12, 1830, in latitude 36° 7'S., and longitude by account 
34° E. the following observations of the Sun’s lower limb were taken, 
the height of the eye being 18 feet, the error of the quadrant 3’ to be 
subtracted: required the error of the Watch. 


Times, Alt? @’sI.limb. 


BOs 8. avon hae Ly oh jee 
4 41 30 16 55 Obs. alt. ©’sl. limb 16 22 12 ©’sdeclin.Mar.12, 3 23 40S. 
42 56 16 38 ©’s semid.-+ 16! My a Corr. for long. 24° E. + 2 12 
44; § > 16 24 Dip ofhor.— 4 4 § 3 Rave ces 
ASu5-- I0TS —_——. h.m. 325 52 
46 9 15 59 Sun’s app. altitude 16 34 15 Corr.fortimeq, 44P.M.— 4 35 

- ———  Refraction- - - — 3 9g Csaleaapeoentiedll 
5)219 55 82 6 ———— Sum’sred.declin. - 3 21 17 


Sun’s true altitude 16 31 6 


44359 16 25 12 
— 3 o Index Error. 


— 


16 22 12 
; ; ea, 
Co. latitude - - - - = = 53538 - 2 + = = = Co, secant 0.09269 
Declination - - - - - = 3218, - = * + + + Secant - 0.00074 


Meridian altitude - Nat.sine 84088 
True altitude - - - - - 1631 + Nat.sine 28429 


a 

4 

, 
wn 
am 
~~ 
ps 


Difference 55659 - Log. - 4.74553 


h. ; PE sir" 
Apparent time at Ship - - - 44749 - - - - - + = + Rising - 4.83896 
Time per Watch - - - - - 4 43 59 
Watch tooslow - - - - = 3 50 


In the Evening the following observations were made of the Moon 
and the Star Regulus: required from thence the true longitude of the 
Ship at the time the error of the watch was ascertained. 


Times. Alt. )’sl. limb. Alts.* Regulus. Dist. })’s far. 1. 
Meh. | <8. Peitina tes A lags 


a Oo ’ " 
DY 23,480 56 720s 46 ISSO 60 14 20. 
ae A ig 100 (@aeouaos 2, OD I5 10 
36 50 19 44° AO >;1G) ko 16 5 
38 17 2058 TUS iree "a0! TAL sp 16 40 
AC) 10) W201 +35" OL} 40 23) TO 17 35 
8) + 184) TO! 98°35 200 44 0 79 §0 


4c 8 48 60 15 58 


Means - - - 9g 36.50 -19 43 
— 3 20 — o 30 Ind. Errs. 


Error of Watch + 3 50 -* 2 


App.timeatShip 9 40 40 19 45 Oo 40 § 28 60 15 28 


h. m. 
' Time at ship - 9 4: Moon’s hor. par. at noon $3 59 Moon’s semid. at noon 14 43 
Long. intime - 2 16E.Dittoat midnight - - 54 1 Ditto at midnight - 14 43 


— 


Reduced time - 7 25 Difference in 12 hours 2 Difference in 12 hours fe) 
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efi yp 
“gobs.altitude 4o 5 28 12 
Dip ofhor, - — 4 


h. 


. 
° 


ioe 


s. ieee Hy Tid 
4 Moon’s hor. par. at noon 53 59 


were observed to find the error of the Watch - 


Kk 


i, h. 


F 
sO wale 7 $ re) 


Moon’s semid.at noon 14 43 


“s app.altitudego 1 24 Ditto atreducedtime 54 oO Dittoatreduced time 14 43 
o » y Augmentation - - + 6 
Obs. alt. }’s lowerlimb 19 45 0 
)’saug.semid.-+ 14’ 494 fe )’s augm. semid. --- 14 49 
Dip of hor. — 4 4 45 Obs. distance - 60 15 28 
~ Moon's app. altitude - 19 55 45 App.distance -° 60 0 39 
“METHOD IV. 
Ps 6 Oo UF 
App. distance 60 1 - Sine - 9.9376 - 9.9376 Moon’s corr. — 48 10 
Moon’s app. alt. 19 56 - Co.sine 9.9732 Second corr. — 1 6 
Star’sapp.alt. 40 1 - Co.sine - - - - g.8841 Fourthcorr. — 4 
Sum - - - 119 58 Sum - - - — 49 20 
App. distance 60 0 39 
Halfsum - - 5959 - Secant - 0.3008 - 0.3008 
First remainder 19 58 - Co. secant 0.4666 59 II 19 
Second remainder 4o 3 - Co,secant - - - - 0.1915 Star’s corr. + I 8 
Star’s correction 1’ 8” - P. Log. - - - + 2.2009 First corr. + 20 13 
Moon’s correction 48 10 - P. Log. - 0.5725 Third corr. + 12 
Const. Log. 9.6990 - 9.6990 
True distance 59 32 52 
First correction 2013 - P.Log. 0.9497 P.L.2.2139 - Second corr. 1! 6” 
Diff. ofcorr. - 27 57 
METHOD V. 
(o) 1 a 
App.distance - - 60 0 39 
Corr. for refraction + 1 32 
Corrected distance 60 211 - Sine- - - - + 9.9377 - Tangent 0.2391 
Star’s app. altitude 40 1 - Co.secant- - - 0,191 
Moon’s app. altitude 19 56 - Co.secant- - - + - - - + + + +» 0.4673 
Moon’s hor. parallax 54 0 - Pro. Log. - + + 0.5229 - - - - = 0.§229 
First arch - - - 40 § - Pro. Log. - - 0.6524 Bk lin 
Secondarch - - 1037 - - - = = © © «© © = «© + Pro. Log. 1.2293 
Corr. for parallax - — 29 28 
Corrected distance 60 2 11 
59 32 43 
Third correction - + 9 
True distance - - 59 32 52 i ‘ : oO rf @ 
Distance at 6hours 58 49 3 —7 | | eee 9 ne sie cs a 108: 6136 
Distance at 9 hours 60 17 38 pe ees, MN MOE Sao 
h. m, s. 
Proportional part - - 129 2 - - Pro.Log. 3057 
Time of first distance - 6 
App. time at Greenwich 7 29 2 
App. time at ship - - 9 40 40 
ied ‘ Boia. 
Long. in time at the p!ace where the Sun’s altitudes 11 38 = 32° 54’ 30” East. 
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When the time under the meridian of the Ship cannot be found 
from altitudes taken with the distances, as is the case in the third 
and fourth Examples, the observer may, instead of finding the error 
of the watch by altitudes taken before or after the distances, note the 
times by a Chronometer at both observations, by which he will ob- 
tain the time elapsed between those observations ; this applied to the 
apparent time at the ship when altitudes were observed for time, will 
shew the time under that meridian when the distances were taken, 
to which the longitude made during the interval, reduced to time, 
being applied, by adding or subtracting it, according as the ship’s 
place, when the distances were observed, is east or west of its place 
when the altitudes for time were taken ;, the result will be the time 
at the ship corresponding to the place where the distances were eb- 
served: this compared with the time at Greenwich, will shew the 
Ship’s longitude at the time of taking the distances. 

Suppose, for instance, that in the fourth Example, when altitudes 
of the Sun were taken, about 4h. 40m. P. M. Ship time, the mean of 
the times shewn by a Chronometer, gaining 12 seconds. per day, was 
2h. lim. 46s.; and the time by ahd same Chronometer when the 
distances were observed, 7h. 4m. 39s.; the Ship having between the 
observations made 48 miles of longitude to the Eastward; we may 
proceed as follows to find the time at Ship when the distances were 
taken, and thence the longitude at that time. 


h. m. s. 
Time by Chronometer when the Sun’s altitudes were observed 2 11 46 
Time by Chronometer when the distances were observed Shai 7 4089 


Interval of time by Chronometer 4 §2 53 

Proportional part of rate or daily gain of Chronometer during " 
the above interval P : ’ ; 

Interval corrected for rate of Chronometer : : 4 52.51 

App. time at Ship when Sun’s altitudes were observed ° 4 47.49. 


Time at the above meridian when the distances were observed 9 40 40 
Change of Longitude (in time) during the interval 48/ E. + 312 


Tinte at the Ship corresponding to the place where the distances ; 


were observed : 9 43 52 
Time at Greenwich when the distances were observed ‘ 729 «2 
———_ agai” 
Long. of Ship when the distances were observed - 2 14 5033 42 30 Ee 


In the preceding Examples we have supposed altitudes to be taken 
at the same time with the distances ; but circumstances may arise, 
such as an undefined horizon or want of assistants, which may pre- 
vent the altitudes of one or both the objects being observed: in these 
eases, it will be necessary to compute the altitudes corresponding to 
oe distances. 
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For this purpose, take a set of altitudes of the Sun or a Star, when 
at a proper distance from the meridian, either before or after the dis- 
tances are observed, noting the times by a Chronometer or steady 
going Watch, from which compute the apparent time at Ship; note 
alsc the times by the same Chronometer or Watch, when the dis- 
tances were observed ; then by means of the elapsed time, and the 
change of longitude during that interval, find the apparent time at the 
place where the distances were observed, as explained above; corres- 
ponding to which compute the altitudes by the following 


Ruues. 1. Find the least meridian distance of the given object, 
which, if it be the Sun, is the apparent time from the nearest noon; 
but if the object be the Moon or a Star, then add the Sun’s right as- 
cension to the apparent time; their sum (deducting 24 hours if it 
exceed that time) will be the right ascension of the meridian; the 
difference between which and the right ascension of the object, in 
time, will be its meridian distance ; but should the remainder exceed 
12 hours, subtract it from 24 hours to give the least meridian dis- 
tance. 

_ 2. Add together the log. rising of the meridian distance (X XIX.), 
the log. co. sine of the latitude (KXV.), and the log. co. sine of the 
declination. 

3. Find the natural number corresponding to the sum of these 
three logarithms (X XIV.), rejecting the tens of the index, and sub- 
tract it from the natural sine (X XVI.) of the sum of the co. latitude 
and declination, when they are of the same name, or their difference 
when of contrary names; the result will be the natural sine of the 
true altitude. 

4, If the object be the Sun or a Star, the refraction (IV.) added tc 
the true altitude, will give the apparent altitude; but if the Moon’s 
_apparent altitude be required, the correction taken from Table XXX., 
with the true altitude and horizontal parallax, is to be subtracted 
from the true altitude. 


_ Nore. The right ascension and declination of the Sun ana Moon, 
and the Moon’s horizontal parallax, are to be taken from the Nauti- 
cal Almanac, and reduced to the time of observation. The right as- 
cension and declination of a Star are to be taken from Table XIV. 


Here follow two Examples, in which the apparent altitudes are 
found by the above rules. 
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EXAMPLE V. 


March 28, 1830, in latitude 15° 10’ N. and longitude by account 
62° 36’ E., about 20h. 10m. apparent time at Ship, the observed alti- 
tude of the Sun’s lower limb was 31° 47°10”; a Chronometer, whose 
daily rate was 16 seconds losing, at the same time shewing 4h. 2m. 46s.; 
the height of the eye above the Sea being 18 feet, and the error of the 
Sextant + 2’ 30". 

On the same morning, when the above Chronometer shewed 
6h. 31m. 58s., the distance between the Sun and Moon was observed 
to be 64° 49' 10", the Ship having since the first observation made 12 
miles of latitude to the South, and 36 miles of longitude to the West, 
the height of the eye and the Index Error as before: required the lon- 
gitude of the Ship at the time the distance was observed. 


on Fo 2 


Obs. alt. Sun’s lower limb - 31 47 10 Sun’s Dec. March 29, by N. A. 3 17 50N. 


Index Error - - - - - = + 2 30 Corr, for long. 62° 36’F. - — 4 4 

Corr. (Table IX.) + 10'.5 == + 10 30 Corr.fortime 3h. 50m. bef.noon— 3 41 

True alt,Sun’s center - - - 32 O10 Sun’s reduced declination - 310 § 
go 


h, m. 5. ——_—. 
T. by Chron. when @’s ait.was obs. 4 246 Polardistance - - - = - 86 49 55 
Do. whendist.wasobs. 6 31 58 


Interval between the observations 2 29 12 


Sun’s true altitude - - 32 00 
Sun’s polar distance - 86 50 - Co. secant - 0.00066 
Ship’s latitude - - - 15 10 = Secant - - 0.01§40 
Sum + + + = + =)134 00 


Half sum - - - - + 6700 - Co.sine - - 9.59188 
Remainder - - - - = 35 00 - Sine - + = 9.75859 
Const. Log. = 5.30103 


Time from noon - - - - 35039 = Rising - + 4.66756 
24 


b 


App. time at place of observ- t 
ing Sun’s altitude - - §7° 9 7% 
Interval between observations 2 29 12 


22 38 33 
Pro. part of rate during interval +- 2 
Change of long. 36/W. = - — 2 24 


App. time at place of observ- 


ing distance, March 28 ba 36 Ir 


24 


Ditto before noon, March 29 =I 23 49 


LUNAR OBSERVATIONS. 2538 


To find the Sun’s Apparent Altitude. 


fe) 6) 
Lat. when Sun’s alt. was observed 15 ION. Long. by acc.when ©’salt,was obs. 62 36 E. 
Lat. made during interval - - — 128. Long. made during interval - — 36W. 


Lat. when distance was observed 14 58N. Long.byacc. whendist.wasobs. 62 OE, 
h.'m. s. z 

Time at Ship when dist. was obs.22 36 11 Sun’s declin. March ag, by N.A. 3 17 5ON. 

Long. in time (Table XIX.)= 4 8 OE. Corr. for Greenwich time, ? 


—_—— 5h. 32m. before noon = § b ik 
Time at Greenwich - - - 18 2811 ———_ 
Sun’s reduced declination - 3 12 28N. 


# 


Time from noon 

Latitude - - - 
Declination - - 
Co. latitude - 


La 
is) 
es) 
> 
so 
8 
® 
‘ 
. 
f) 
‘ 
t) 


- Log. rising 3.82044 
14° 58’ N. - - - = - = = = = Co.sine - 9.98501 
3 12 N. = © - © =~ - = = - Co.sine - 9.99932 


ett es 
» © 8 ¢@ 


2 | 
—- Nat. Number 6379 ~- - Log. - - 3.80477 
Meridian altitude - - 78 144+ Nat.sine - 97902 


Sun’s true altitude - 66 14 - Nat.sine - 91523 
Refraction - - - - — Oo 


Sun’s app. altitude - 66 14 
; To find the Moon's Apparent Altitude. 


Moon’s R, A. at midn. March 28 - 67 52 Moon’sDec. at midn, March 28 16 39 N, 
Ditto noon, March 29 - 75 g Ditto noon, March29 17 28N. 


Variation in iz hours - - - - 717 #Variationinizhours - - - 49 


a) 
12h. ; afin... > 6h. 28m. : + 3 533 12h. : 49 3: 6h.28m =: 26 
Moon’s R. A. at midn. March 28 - 67 52 Moon’s Dec-atmidn.March28 16 39N. 


(Sah sone ae 


Ditto at Greenwich time - 71 473 Ditto at Greenwich time 17 5N, 
= 4h. 47m. 10s. | 
h. m. Ss. Moon’s red, hor. parallax 58’ 52° 

Apparent time - 22 36 11 
Sun’s R. Ascen. - 0 29 4I 

Saree ; h. m. 8. 
R. A. of Merid. TY Ge ay | Sun’s Right Ascen. March 29, by N. A. - 0 30 31 
Moon’s R. Ascen. - 4 47 I0 Corr. for Greenwich time 5h. 32m. bef.n. — 50 


Moon’s Mer. Distance 18 18 42 Sun’s reduced Right Ascension - - - 0 29 41 
a4 


Moon’s least Mer. Dist. 5 41 18 - = - = © © © © «© «+ Log. rising 4.9630 
Latitude - - - - 14°58’N. + - - - - + + + = = Co. sine - Sania: 
Moon’s Declination 17 5 N. + © = © = = = = = + Co. sine - 9.98040 
Co, latitude - - - 75 2 . 


Nat. number 84816 - - Log. - + 4.92848 
gz 7 
180 oO 


Moon’s Mer. Altitude 87 53 - - Nat.sine - 99932 


Moon’s true Altitude 8 42 - - Nat.sine - 15116 
Moon’s Corr. (XXX.) — 52 


Moon’s app. altitude 7 50 
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To find the True Distance and thence the Longitude. 


a 
Obs. Dist. by Sextant 64 49 10 
Index Error- - - + 2 30 


Corr. obs. distance - 64 51 40 
Sun’s semidiameter + 16 2 
Moon’s semidiameter + 16 3 
Moon’s augmentation + 2 


Apparent distance - 65 23 47 
Corr. for refraction + 6 0O 


Corrected distance - 65 29 47 - Sime - - + - + 9.9590 
Sun’s app. altitude - 66 14 - Co. secant - - - 0.0385 
Moon’s app. altitude 7 50 - Co.secant- - - - - - 
Moon’s hor. parallax 58 52 - Pro. Log. - - - 0.4854 
First arch - - - §9 13 - Pro. Log. - - - 0.4829 
Secondarch - - CE PLCs ad 
Corr. for parallax - — 55 34 
Corrected distance 65 29 47 
; 64 34 13 
Third correction - + 1. 
True distance = - 64 34 14 " : . salle AO: 
Distance at 18 hours 64 20 2t = || pink Ren :, 13 a 
Distance at 21 hours 65 57 50 ee” Wen 
h. m. s 
Proportional part - - - 0 25 
Time of first distance - - 18 oO 
App. time at Greenwich 18 25 38 


App. time at Ship heiry 
distance was obseryed 


Longitude of Ship when Q 
distance was observed $ 


EXAMPLE VI 


Tangent 


- Pro. Log. 
- Pro. Log. 


0.3413 


0.8655 
0.4854 


ee 


1.6922 


1.1128") 
0.2663, 


0.8465 


A 10 33 = 62°38! 15" East, 


July 2, 1830, about 11h. 36m. P.M. the Ship being in latitude 
46° 54’ N. and longitude by account 23°36’ W. the distance of the 
Moon’s remote limb from the Star « Aquilze was observed to be 
57° 53’ 48"; and 16m. 49s. after, as measured by a good watch, (the 
Ship being nearly in the same place), the observed altitude of the Star 
Algenib was 15° 58’, east of the meridian; the height of the eye being 
24 feet, and the error of the Sextant — 1’ 45”: required the longitude 


of the Ship. 
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To find the Apparent Time when the Star Algenib was observed. 


~. Star’s observed altitude + - 15 38 00 
Index Error - - - - - - — I 4§ 
15 56 35 
Dip of hor. — 4’ 42”2 
Refraction — 3 17 § heaton ne 
Star’s true altitude - - - 15 48 16 
h, m. .8- 
Sun’s Right Ascen. July 2 - 6 43 37 
Corr. for long. 23° 36'W. = + 16 
Corr, for time, 11h.53m. - 4+ 2 2 
Sun’s reduced Right Ascen. - 6 45 53 
) 
Star’s true altitude - - 15 48 16 
Polar distance - - = 75 45 28 
Latitude - - - - = 46 54 
Sum -.- - - - - 138 27 44 
Half sum - - - + + 69 13 52 
Remainder = - - = = 53 25 36 
ii. mi. Ss. 


Star’s Distance from Meridian 5 27 47 E. 


Star’s Right Ascen. + 24h. - 24 4 31 


Right Ascen. of Meridian - 18 36 44 
Sun’s reduced Right Ascen. 6 45 55 


App. time when the Star 2 


Algenib was observed - § TA; 5° 49 
Interval per Watch - - - — 16 49 
App. time when the distance 

was observed - - - bar 349 


h. m. 8. 
Star’s Right Ascen.1820 - © 3 59 
Ann, Var. + 38.08 X 1of = +} 32 
Star’s R. A. July 1830 - - oO 4 31 


. . je) ‘ “a 
Star’s Declination, 1820 - 1411 ON. 
Ann. Var. + 20".20 x 10h == + 3, 32 


Star’s Declination, July 1830 14 14 32 


To find the Apparent Altitude of the Star x Aquile. 


h. mS. 


Time when Dist. was observed 11 34 0 


go 

Star’s Polar Distance - - 75 45 28 
- Co. secant - 0.01356 
- Secant - - 0.16541 
- Co.sine - - 9.54969 
- Sine - - + 9.90476 
Const. Log. - 5.30103 
- Rising - - 4.93445 

h. m. 8. 


Star’s Right Ascension, 1820 19 42 0 
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Long. in time (239 36'W.) - 1 34 44 Ann. Var. + 28.93 X Io} = + 31 
Greenwich time - - - - 13 8 24 Star’s Right Ascen. July 1830 19 42 31 
h. m. s. 
Sun’s Right Ascen. July 3 - 6 47 44 Star’s Declination, 1820 - 8 24 sN. 
Corr. for 1oh. 52m. bef. noon — 1 52 Ann. Var. + 9".06 X rol + I 35 
' Sun’s reduced R. Ascen. - 6 45 52 Star’s Declin. July 1830 - 8 25 40N. 
Apparenttime - - - - II 34 0 
R. Ascen. of Meridian - 18 19 52 
Star’s Right Ascension - 19 42 31 
Star’s Meridian Distance - 12239 - - =~ = = © + - Rising - 3.80838 
Latitade - - - - - 46% 54’'N. - = © © we - Co. sine - 9.83469 
Star's Declination - - 8 26N. + © © «© « «= «© Co.sine. - 9.99528 
Co. latitude - - - - 43 6 at oa 
Nat. Number 4348 -~ Log. - - 3.63826 
Star’s Meridian altitude 51 32- Nat.sine - 78297 
Star’s true altitude - - 47 41t- Nat. sine - 73949 
Refraction - - - - - 4+ Ff 
Star’s app. altitude - - 47 42 
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To find the Moon's Apparent Altitude. 


Moon’s R. A, at midn, July2 - 243 3 Moon’s Dec. at midn, July 2 - 16 3 S, 
Ditto noon, July3 - 249 24 _ Ditto noon, July 3 - 17 oO8., 
Variation in 12 hours - - - - 621 Variationini2 hours - - - 057 
Foha zs OF ox ¢ : Voth Bin.) 37 oe 36 1ah.,.: §7/ 3:3 yhpSmp 2 “f 5 
Moon’s R. A. at midn. July2 - 243 3 + Moon’sDec-atmidn.July2 - 16 3S, 
Ditto at Greenwich time - 243 39 Ditto at Greenwich time 16 8S, 


= 16h. 14m. 36s. 
fn.) Ba Moon’s hor, parallax 55/ 3” 
Apparent time > °NIoae 530 
Sun’s R. Ascen. - 6 45 52° Sun’s Right Ascen. July 3, by N.A. - 
_——— Corr. for toh. 52m. before noon © - - 
R. A. of Merid. - 18 19 52 
Moon’s R. Ascen. - 16 14 36 Sun’s reduced Right Ascension - - 


Moon’s Mer. Distance 2 5 16 + - = - = = = «= = Rising 
Latitude - - - - 46954’N. + © © = © + - «= = + Co. sine 
Moon’s Declination 16 8S. - 2 = = = - = + «+ © Co, sine 
Co. latitude - - - 43 6 


Nat. number 9563 - - Log. - 
Moon’s Mer. Altitude 26 58 - + Nat.sine - 453477 


Moon’s true Altitude 2058 + ~- Nat.sine + 35784 
Moon's Corr. (XXX.) — 4g 


Moon’s app. altitude 20 9 ; 
To find the True Distance and thence the Longitude. 


a 
Obs. Dist. by Sextant 57 53 48 
Index Error - - - — 1 45 


Corr. obs. distance - 57 52 3 
Moon’s semidiameter — I5 0 
Moon’s augmentation — 


Apparent distance - 57 36 57 
Corr. for refraction + 1 46 


- 645 52 


- 3.98058 


Corrected distance - 57 38 43 - Sine- - + + += 9.9268 + Tangent 0.1983 
Star’s app. altitude - 47 42 - Co. secant - = + 0.1310 

Moon’s app. altitude 20 9 - Co.secant> - = © © © = © = «© «© 0.4628 
Moon’s hor. parallax 55 3 -° Pro.Log. = - += 0.5145 + + = = = 0.5145 
First arch - - - 48 11 - Pro. Log. - + + 0.5723 ——. 
Second arch - - 12 Tis = 5 © = © = 2 © « © « Pro. Log. 1.1966 


Corr. for parallax - — 36 10 
Corrected distance. 57 38 43 


‘ Tr © Os 

Third correction - + 8 
True distance - - 57 2 41 : ; Oo ¢ # 

Distance at 12 hours # Si OUT of: van Hes 0 28 19, - 

Distance at 15 hours 56 1217 ~ ~ ~ Second diff. 18 43 
h. m, s. 
Proportional part - - - 1 4 45 
Time of first distance - - 12 0 0 


’ App. time at Greenwich 13 4 45 
Time at place of observed distance 11 34 0 


Long. at place of observed distance 30 45 = 22° 4s‘ 


- Pro.Log. 8034 
- - Pro. Log. 3592 


- - Pro.Log. 4440 


15" West. 
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EXAMPLE VII. 


January 19, 18380, at about Oh. 46m. P. M. Ship time, in latitude 
40° 16 S. and longitude by account 92° E. the following observa- 
tions were taken of the Sun and Moon, with the corresponding times 
by a Chronometer.* 

On the same day at 3h. 19m. P.M.,Ship time, when the same 
Chronometer shewed 9h. 34m. 40s., the altitude of the Sun’s lower 
limb was 43° 11/30", the Ship having, since the first observations 
were made, run 30 miles of longitude east, but remained in the same 
latitude. Required the true longitude of the Ship when the distances 
were observed. 

The height of the eye was 16 feet, and the error of the Sextant 
2’ 15” to be subtracted. 


Times per Chron. 
h. m. s. 


6 54 42 Altitude of Sun’s lower limb - 67 13 6 
6 57 19 Altitude of Moon’s upperlimb 13 57 0o 
: 7 1 14 Distance of nearest limbs - 67 4 30 3 
ey of Times. S 7 3 48 Distance of nearest limbs - 67 320 @Mean Distance. 
Le. Sig tase aa ¢7 5 28 Distance of nearest limbs ~ LOPE § 73 5 


25 
7 9 21 Altitude of Moon’supperlimb r1 40 0 
7 12 4 Altitude of Sun’s lowerlimb - 65 53 0 


To reduce the Altitudes of the Sun and Moon to the time of the Mean Distance. 


Herm!’ 8. h. m. s. Sim 
Time of Sun’s first alt. 6 54 42 Time of Sun’s first alt. 6 54 42 Sun’s first alt. 67 18 
Time of Sun’s last alt. 7 12 4 MeanofTimesbyChro.7 3 30 Sun's last alt. 65 53 


Differences - - - 17 22 8 48 I 25 
As I7m. 22s. - - Pro. Log. (Arith. Comp.) 8.9844 
Ts to 6.48 - - Pro. Log. - - 1.3108 
So is ee - - Pro. Log. - - 0.3259 
fe) 
To decrease of Sun’s altitude e) 43 4 - - Pro. Log, - - 0.6211 
Sun’s first observed altitude 67 18 Oo 


Sun’s altitude at mean of times 66 34 56 


h. m. s. bh. m. s. ces 
Time of Moon’s first alt.6 57 19 'TimeofMoon’sfirst alt 6 57 19 Moon’sfirstalt. 13 57 
Time of Moon’s lastalt.7 g 21 MeanofTimesbyChro.7 3 30 Moon’slastalt. 11 40 


— 


Differences - - - 12 2 6 11 G17 
As 12m. 28 - - Pro. Log. (Arith Comp.) 8.8251 
Is to” “Goer: - - Pro, Log - - 1.4040 
Sois 2° 17! - + Pro. Log. - - 0.1186 
oO 2 
To decrease of Moon’s altitude 1 10 24 - - Pro. Log. . > 0.4077 


Moon’s first observed altitude 13 57 0 
Moon’s alt. at mean of times 12 46 36 
Hence we obtain the following set of ohservations : 


Mean ofTimesbyChron. Dist.nearestl.ofO& ). Alt.of ©’slow.1. Alt.of }’sup.1. 
7h, 3m. 308. 67°93) 5 66° 34’ 56" 12° 46! 26" 


* For the method of taking the altitudes and distances without assistants, see page 
224 ;—see also explanation to Table XXXIV. 
L | 
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h. m. ‘ “ Co Me 

Time at Ship, Jan. 1g 0 46 D’s red. hor.par. 55 14 Obs. alt. )’sup.limbi2 47 
Long. in time (XIX.) 6 8E. o « )’ssemid.--15'72_ , 
——- Obs. alt.@’sL.limb 66 35 Dip ofhor.— 35057 7% 

Reduced time,Jan.15 18 38  @'ssemid.+ 16'17") | |, edernt> 
Dipofhor.— 3 50 § j)’s app. altitude 12.2% 


0 , uo 
Observed distance 67 3 5 ars 
Index Error - - - — 2 1§ ©’8 app. altitude 66 47 
. 67. 0 50 


Sun’s semidiameter -- 16 17 
Moon’s semidiameter + 15 3 
Moon’s augmentation + 4 


Apparent distance - 67 32 14 
Corr. for refraction + 3 47 


Corrected distance - 67 36 1 - Sine- - - - + 9.9659 - Tangent 0.38 
Sun’s app. altitude - 66 47 - Co. secant - - + 0.0367 ath 
Moon’s app. altitude 12 28 - Co.secant- - - - - - + + = = + 0.6658 
Moon’s hor. parallax 55 14 - Pro. Log. - - + 0.5131 - + + © + 0.5135 
First arch - - - 54 54 - Pro. Log. - - - 0.5157 
Second arch - - 455. 2) Sty lm al et ew ie tte SP 50, Ok mt aeeas 
Corr. for parallax - ‘49 59 
Corrected distance 67 36 I 
66 46 5 
Third correction - + I 
True distance - - 66 46 3 As { ON ee 
Distance at 18 hours 67 4 11 ~~ ~ ae ae = i Bei Lone Log: 9968 
Distance at 21 hours 65 39 42 ~ Second dif. 1.24.29 - = Pro. (og) (esas 
h. m. s. ners ei 
Proportional part - - - 0 38 38 - - Pro,Log. 6683 
Time of first distance - - 18 0 oO 


. Time at Greenwich - - 18 38. 38 Jan. 18. 


10) ‘ 
Obs. alt. Sun’s lower limb 43 11 30 Sun’s Declin. Jan. 19, N. A. 20 22 37 Ss. 
Index Error - - - - — 215 Corr. for longitude 929 EF. 3g 
vo Corr. for time 3h. 1gm. P.M. — 1 36 
43 9 15 SPEAR?) 
Corr. Table IX. + 11/.4=— + IT 24 Sun’s reduced declination 20 24 48 
fe) 
Sun’s true altitude - - 43 20 39 : 
Polar distance - + 69 35 57 
Sun’s Polar distance - 69 35 57 - Co. secant - 0.02813 
Ship’s Latitude - - - 40 16 - Secant - - 0.11745 
Sum’-  -) - <= js) <"153) 74046 
Half sum - - - - - 763618 - Co.sine - - 9.36502 
Remainder- - - - - 3315 39 “= Sine - - - 9.73911 
: Const. Log.- 5.30103 
h. mm. s LE. 
App. time when Sun’sQ "2" - Rising - 4.55074 
valtitude was pave 3 19 28 ; d h 
Interval by Chronometer 2 31 Io Time by Chron. when the 2 “7 5%: 
distance was taken - } 7’ 3 30 


App.time when dist.was obs.o 48 18 Jan. 19. Time by Chron. when the 2 
Time at Greenwich when } 18 a8 29 Jari Sun’s alt. was observed § 9 34 40 
distance was observed § 3° 3 “ahve, 


——— oo; Interval by Chronometer 2 31 10 
Long.when ©’s alt.was obs. 6 g 40==92 25 East. 
Long. made during interval - - — 30 East. 


Long. of Ship when dist. was observed 91 55 East. 
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QUESTIONS FOR EXERCISE. 


I. June 12, 1830, in latitude 29° 7’ N. and longitude by account 
145° W , about 20h. 32m. (being June 13, at 8h. 32m. A. M. civi 
time), the distance between the Sun and Moon was observed to be 
92° 40' 15"; at the same time the altitude of the Moon’s upper limb 
was 39° 25’, and the altitude of the Sun’s lower limb 42° 48’; the 
height of the eye being 18 feet: required the true longitude of the 
Ship. 

Answer. The true distance 92° 31’ 56”; apparent time at Green- 
wich 30h. 8m. 25s. after noon of June 12; apparent time at Ship 
20h. 30m. 25s., and longitude of the Ship 144° 30’ 00” West. 


II. January 10, 1830, in latitude 8° 25’ S. and longitude by ac- 
count 95° West, about midnight, the distance of the Moon’s remote 
limb from the Star Aldebaran, was observed to be 68° 41’ 25”, the 
altitude of the Moon’s lower limb being 54° 26’, the altitude of the Star 
(westward of the meridian) 37° 25’ and the height of the eye 14 feet: 
_ required the true longitude of the Ship. 


Answer. The true distance 68° 9’ 6"; the apparent time at Green- 
wich 18h. 24m. 9s.; the apparent time at Ship 12h. 5m. 1%s., and the 
longitude of the Ship 94° 43’ 00" West. 


III. August 25, 1830, in latitude 37° 303’ N. and longitude by ac- 
count 32° East, at 19h. 48m. 36s. by watch (being August 26, at 7h. 
48m. 36s. A. M. civil time), the altitude of the Sun’s lower limb was 
27° 47° 30": and on August 26, at 1h. 48m. 45s. by the same watch, 
the distance between the Sun and Moon was observed to be 89° 5’ 54”; 
the altitude of the Sun’s lower limb being 54° 14’, the altitude of- the 
Moon’s upper limb 12° 51’, and the height of the eye 18 feet: required 
the true longitude of the Ship at the time the Sun’s altitude was taken 
to find the Error of the watch. ae 


Answer. ‘The apparent time at the meridian of the Ship when the 
Sun’s altitude was observed 19h. 48m. 53s., consequently the watch 
was 0m. 17s. too slow; the true distance 88° 56’ 2”, the corresponding 
time at Greenwich 23h. 44m. 12s. on August 25; the time at Ship 
25h. 49m. 2s past noon, August 25, and hence the longitude of the 
Ship 31° 12’ 30” East. 


IV. July 9, 1830, in latitude 16° 35’ S. and longitude by account 
165° West, at 16h. 24m. 45s. by watch (that is, July 10, at 4h. 24m. 
45s. A. M. civil time), the distance of the Moon’s nearest limb from 
the Star « Arietis was 50° 50’ 38”, the altitude of the Star 39° 36’, and 
the altitude of the Moon’s upper limb 75° 25’: and at 20h. 14m. 36s. 
(being Sh. 14m. 36s, A. M. civil time) by the same watch, the alti- 
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tude of the Sun’s lower limb was 22° 49’ 30"; the Ship being then in 
latitude 16° 8’ S. and the height of the eye at each observation 12 
feet: required the true longitude of the Ship at the time of the last 
observation. 


Answer. ‘The true distance 51° 5’ 45"; apparent time at Green- 
wich when the distance was observed 27h. 26m. 44s. past noon, July 
9; apparent time at Ship when the Sun’s altitude was observed 
20h. 15m. 36s., consequently the watch was Im. Os. too slow; appa 
rent time at Ship when the distance was observed 16h. 25m. 44s., and 
longitude of the Ship when the Sun’s altitude was taken for finding 


the Error of the watch, 165° 14’ 45” West. 


V. October 4, 1830, in latitude 33° 45'N. and longitude by ac- 
count 72° 35’ W., about 5h. P. M. the altitude of the Sun’s lower 
limb was observed to be 9° 17’ 10”, when a Chronometer, whose daily 
loss was 12°.5, shewed 9h. 52m. 43s.: and about 3h. 50m. afterwards, 
when the same Chronometer shewed 1h. 41m. 54s., the observed dis- 
tance of, the Moon’s remote limb from the Star « Pegasi or Marcab 
was 68° 48’ 20”, the Ship having run between the observations S.W. 
by S. (true) 28 miles: required the true Longitude when the distance 
was taken, the height of the eye being 18 feet, and the Error of the 
Sextant + 2' 15”. 


Answer. Apparent time at Ship when the Sun’s altitude was ob- 
served Sh. 2m. 15s.; apparent time at the place where the distance was 
taken 8h. 50m. 12s.; latitude by account when the distance was ob- 
served 33° 22’ N. and the longitude by account 72°54’ W.; the Star’s 
apparent altitude being 62° 57’; the Moon’s apparent altitude 9° 33’, 
and the true distance 62° 43’ 28"; the apparent time at Greenwich 13h. 
39m. 22s. and, consequently, the longitude of the Ship at the place 
where the distance was observed 72° 17’ 15" West. 


VI. October 26, 1830, in latitude 52° 26’ S. and longitude by ac- 
count 133° 45’ E. at about 5h. 20m. P. M. the altitude of the Sun’s 
lower limb was 15° 50’ 45”; and 7m. 36s. after the Sun’s altitude was 
observed, the distance of the Sun and Moon’s nearest limbs, (measured 
by the same Sextant) was 107° 8' 45"; the Index Error of the instru- 
ment being 1’ 30” to subtract, and the height of the eye 24 feet: re- 
quired the true longitude of the Ship. 


Answer. ‘The apparent time at Ship when the Sun’s altitude was 
observed 5h. 19m. 6s. and when the distance was taken 5h. 26m. 42s. 
past noon October 26; or 29h. 26m. 42s. October 25; the Sun’s appa- 
rent altitude 14° 52’; the Moon’s apparent altitude 43° 35’; and the 
true distance 107° 14’ 35"; the apparent time at Greenwich 20h. 31m 
28s. October 25; and consequently the true longitude of the Ship 
133° 48’ 30” East. 


OF TIME-KEEPERS. 261 


TO FIND THE LONGITUDE BY CHRONOMETERS OR 
TIME-KEEPERS. _ 


It has already been observed, that if a watch could be made to’ 
shew always precisely the time under any given meridian, the longi- 
tude of a place might be easily computed by comparing the time 
shewn by the watch with that at the given place; but it is hardly to 
be expected that such a complicated machine can perform so accu- 
rately as never to deviate from the time at the meridian to which it is 
set; nor indeed is this absolutely necessary ; for if its error at the 
given ineridian be known on a certain day, and also its rate, or daily 
gain or loss, in 24 hours of mean time, we can thence deduce the 
time at that meridian as well as if the hands of the watch actuaily 
pointed it out; provided that it goes uniformly, which is all that is 
essential in the motion of a time-keeper. In order, therefore, to ob- 
tain these particulars, it is usual for the maker, or person into. whose 
care the machine is intrusted, to examine its error every day, by 
comparing it with a well-regulated astronomical clock: these errors 
being then set down in a book kept for the purpose, the daily differ- 
ences shew its rate, and the regularity of its motion. If the errors 
or daily ditferences continue the same, the “timekeeper is said to 
have no rate, and is keeping mean time exactly: should the time- 
keeper be too fast, and the error increasing, it is gaining on mean ~ 
time; but if the error be decreasing, it is then losing: on the con- 
trary, when the time-keeper is too slow, and the error increasing, 
it is losing on mean time, but if the error be decreasing, it 1s 
gaining. The rate and error of a time-keeper may likewise be as- 
certained by altitudes of the Sun, as will be shewn hereafter. For 
instance, suppose on a certain day a time-keeper was found, by alti- 
tudes of the Sun, to be 5h. 30m. 10s. too fast for mean time at the 
meridian of Madras; and that by observations taken ten days after- 
wards, it was 5h. 30m. 40s. too fast; I thence find that it has gained 
30 seconds in 10 days, and conclude that its daily gain is 3 seconds, 
Again, suppose on August 13th, a Chronometer was 12m. 10s. too 
fast for mean time at Greenwich; but by observations taken on 
August 28th, it was found to be 10m. 40s. too fast for mean time at 
the same place ; here it appears that the Chronometer has lost Im. 30s 
or 90s. in 15 days, and consequently is losing 6 seconds daily. Obser- 
vations of this kind should be repeated and compared together as often 
as convenient, in order to find the rate the watch has gone at between 
every two such observations, by which the regularity of its going will 
be proved. Having by these means established its rate and error ai 


an 


262 OF TIME-KEEPERS. 


the meridian of the place of observation, the longitude of a ship on 
her voyage may be found by the following 


Ruues. 1. Take several altitudes of the Sun or a Star, when it 
bears as nearly East or West as possible, but always at least three 
points from the meridian, and note the times by a Chronometer when 
they are observed, of which take the means. 


2. To the mean of the times apply the original error, that is, add 
what the Chronometer was too slow, or subtract what it was too 
fast, for mean time on a given day, at the meridian of the place 
where the rate was ascertained: the sum or remainder will be the 
mean time by Chronemeter, corrected for the original error. 


8. Multiply the daz/y rate by the number of days and parts of a 
day that have elapsed since the original error was determined; the 
product, which may be called the accumulated rate, added to the 
above sum or remainder, if the time- keeper be losing, or subtracted 
from it if gaining, the result will give the mean time at the meridian 
where the rate and original error were ascertained. Should the me- 
ridian not be that of Greenwich, then add the longitude of the place 
in time, if it be west, or subtract it if east, and the sum or remainder 
will be the mean time at Greenwich by Chronometer. 


- 4, With the latitude of the place of observation, the true altitude 
of the Sun or Star, and the reduced declination, find the apparent 
time as directed by the rules in page 226 or 230; to which apply the 
equation of time (taken from page II of the month in the Nautical 
Almanac, and reduced to Greenwich time by Table XX XVII.) by 
addition or subtraction, as denoted ‘in the column from whence it is 
taken in the Nautical Almanac; hence will be found the mean time 
at the Ship or place of observation, the difference between which, and 
the mean time at Greenwich, obtained by the Chronometer, will 
give the longitude; east, if the time at the Ship be greater, or 
west if it be less, than the time at Greenwich. 


Nore. As the Sun’s declination, right ascension, and other ele- 
ments give in the Nautical Almanac, are calculated to apparent 
time, it will be more accurate, especially when the equation of time 
is considerable, to apply the reduced equation of time, with a con- 
trary sign, to the mean time at Greenwich, by the Chronometer, which 
will give the apparent time at Greenwich, to which time the Sun’s 
declinati¢, &c. should be reduced: then the difference between the 
appsrent time at Ship and apparent time at Greenwich will give the 
iongitude, . , 
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EXAMPLE I. 


May 19, 1830, P. M., in latitude 42° 15’ N. the following altitudes 
of the Sun’s lower limb were observed, with the corresponding times 
by a Chronometer (being P. M. at Greenwich), whose daily gain had 
been settled at noon, March 17, at 7.8s., when it was Im. 18s. too 
fast for mean time at Greenwich: the instrument having no index 
error, and the height of the eye being 26 feet above the sea: required 
the longitude of the ship. 


Times by Chr. Altitudes. 
h.m. 5s. ats ag es s. 
6 58 40 44.7 Obs. alt. ©’s low. limb 43 45 0 Daily gain i 497.8 
659 36 4357 °1.Semidiam +4 15’ sh 10 «g -—« Daysfrom March ) ¢ 
4. 0 51 43 44 Dipofhor.— 4 52 5 17 toMay 1g § 3 
feet *43 33 area te ovee 


7 3,491 43 24 Sun’s apparent alitude 43 55 58 234 
eae ' Refraction : _— 59 462 | 
$) 35 440 218 45 ; Sy ULaa | 
Sun’s true altitude . 43 54 59 60) 491.4 
big 105° 43°45 
— 1 18 Original error Gain in 63 days 8m. 11.48, 
————— Ditto in 7 hours + Te 
6 59 38 < 
— 8 14 Accumulated rate. Accumulated rate 8m. 13.78, 
6 51 24 Mean time at Greenw. Sun’s declination by N. A. May 19, 19 44 6 N. 
May 19, P.M. , Corr. for Greenwich time, ? nr 
6h. 51m. afternoon .  § 3 44 
Sun’s reduced declination . Ig 460 50N, 
go 
Sun’s polar distance x 7° 13210 


Olies 
Sun’s true altitude 43 55 


Polar distance “ 70 13 é Co. secant 0.02642 
Latitude : AE eee FS ° Secant 0.13064 
Sum 4 . 156 23 
-Half Sum : : 78 11g . Co. sine 9-31099 
Remainder : . 34 163 ° Sine 9.75004 
Const. Log. 5 + 30103 
h. m. 8 
Apparent time at Ship ei! TPE as Log rising 4+51972 
Equation ‘ — 350 


Mean time at Ship : 3 811 
Mean time at Greenwich . 6 51 24 


Longitude in time i 3 43.13 = 55° 48/15” West. 
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EXAMPLE II, 


April 22, 1830, a Chronometer was 2h. 31m. 45s. too fast for mean 
time at Greenwich, and was gaining 2. Is. per day. 

June 24, 1830 (June 25, A. M. civil time), in latitude 10° 3°S. the 
following altitudes of the Sun’s lower limb were observed, with the 
corresponding times by the same Chronometer (being A. M. at 
Greenwich), the height of the eye above the sea being 20 feet, and 
the error of the quadrant I’ 30" to add: required the longitude of 
the Ship. 


Times by Chr. Altitudes. 


h.m. s. 3. 


° so seK# 
23 28 35 10 ° Obs. alt. ©’s low. limb 10 36 48 Daily gain ee 
29 20 19 17 Index Error 4 + 1 30 Days from April ? 6 
30 48 IO 32 ———- 22 to June 25 § 4 
32. 6 » 10 54 To 38 18 Resets 
33 24 II 14 Semidiam + ah + ea 34 
- — Dip of hor. — 4 17 9 126 
Deerseras. Saka i 
ee ——— Sun’s apparent altitude ro 49 47 60) 134.4 
23 30 51 10 36 48 Refraction b — 451 
2 31 45 Original error. ———— GainsinceApr. 22, 2m. 14s. 
a Sun’s true altitude . 10 44 56 
20 59 6 shana a ovn 
— 2 14 Accumulated rate. Sun’s declination, June 25, by N.A. 23 25 oN, 
— Corr. for time before noon, 3h. 3m. one) 
20 §6 52 Meantime atGreenw.June 24. 
24 Sun's reduced declination 23.25 O 
3 3 8 Ditto before noon, June 25. 
Sun’s polar distance ’ 113 25 0 
O. 8 
True altitude : ; Io 45 
Polar distance : 113 25 ; Co. secant . 0.03733 
Latitude : ‘ 104% .  Secant + 0.00672 
Sum ‘ ; 134 13 
Half Sum P . 67 63 A Co. sine * 958994 
Remainder : : 56 ait ° Sine © ¢ 9.92039 
Const. Log. . 5.30103 
h. m. 8. oe 
Time from noon ‘ 4°54 12 ;. Log. rising . 4.85541 
24 
Apparent time at Ship - Ig 5 48 
Equation of time , + 2 6 
Mean time at Ship ‘ 19 7 54 


Mean time at Greenwich . 20 56 52 


. . . " 
Longitude in time ‘ 1 48 58 = 27° ‘4 30 West. 
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EXAMPLE iil. 


October 18, 1830, P M., in latitude 15° 46’ N. the observed alti- 
tude of the Sun’s lower limb was 12° 40’ when a Chronometer 
shewed llh. 12m. 42s. (being A. M. at Greenwich), whose error on 
August 12 was 5m. 26s. too slow at noon for Greenwich mean time, 
and was gaining 12.5s. per day : the index error of the instrument 
being + 2’ 30’, and height of the eye 16 feet: required the true 


longitude of the Ship. 


h. m. s. 
Time by Chron. 23 12 42 
Original error . + 5 26 
23 18 8 


Accumulated rate— 13 53 


Mean time at 
eee beta rt RG TES, 
24 


Ditto bef. noon, 


Oct. 18 } 9 55 9° 


ce) ‘ §. 
Obs. alt. ©’s low. 1. 12 40 6 Daily gain 5 1265 
Index error + 230 Days from Aug. 12 6 
Ss | to ete aes t 7 
Snide ease 875 
emidiam. I f 8 
Dip of hor. 3 50 }+ ett ve 
Sun’s app. altitude 12 54 46 60) 837.5 


Refraction — 4 6 


Accumulated rate 13m. 57.5Se 
Sun’s true altitude 12 50 40 


Sun’s declination, Oct.18 - 9 32 218. 

Corr. for 56m. before noon - — 54 

Sun’s reduced declination at Seen 
go 

Sun’s polar distance ° 99 31 27 


Sun’s true altitude’ - 12 503 
Polar distance : 99 314 : Co. secant - 0.00603 
Latitude . 15 46 > Secant = 0.01666 © 
Sum - - 128 8 
Half sum - « 64 4 - Co. sine - - 9.64080 
Remainder - - 51 13% - Sine - - g.89188 
Const. Log. - §.30103 
h, m. §. a 
Apparent time at Ship - 4 54 35 . Rising - 4.85640 
Equation of time - — 4 4I 


Meantime at Ship - 
24 


Ditto -!h 


Mean time at Greenwich 23 


4 39 54 October 18. 


28 39 54 October 17. 


4 10 October 17 


Longitude in time - 


§ 35 44 = 83° 56’ East. 


Mm 
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EXAMPLE IV. 


April 25, 1830, A. M. (civil time), in latitude 27° 20'S. the oo- 
served aititude of the Sun’s upper limb was 38° 42° 50” when a 
time-keeper shewed 2h. 12m. 50s. (being P. M. at Greenwich), 
which at noon, April 2, was lh. 10m. 15s. too fast for mean time at 
Greenwich, and was losing 4.3s. per day: the error of the quadrant 
being + 2’ 40’, and the height of the eye 30 feet: required the true 
longitude of the Ship. 


h. m. s. o pew ; 8. 
{ime by Chron. 212 50 Obs. alt.©’s up.l. 38°42 50 Daily loss _ 4-3 
Original error . I 10 15 Index error - % 240 Days from April 22 “4 
a ——  toAprile5 . J 
T 2 35 0) 38 45 30 — 
Accumulatedrate + 1 39 Semidiam. 15’ 55°} pecieia 129 
————— Dip ofhor. 5 15 86 
Mean time at 
Beta or ack Rae a e 38 24 20 60) 98.9 
24 Refraction ° — Itt 
—_—— ————_ Loss in 23 days 1m. 38.98. 
Ditto, April 24, 25 4 14 Truealtitude . 38 23 9 Dittoin rh. 3m. 2 


Sun’s true altitude - 


Polar distance ~ 
Latitude - 
Sum - - 
Half sum - - 
Remainder - - 


Time from noon ° 


App. time at Ship. - 
Equation of time - 


‘Meantime at Ship - 


ee 


Accumulated rate 1m. 39.18. 


Sun’s declination, April 25 - 
Corr. for 1h. 4m. after noon - 


Sun’s reduced declination - 


Sun’s polar distance 


Oo 4 
38 23 

103 8 - Co. secant - 
27 20 - Secant - 
168 51 
$4 254 - Co. sine - - 
46 24 - Sine - - 

Const. Log. - 

h. m. Ss. 

21% 9 - Rising - 

24 

21 47 $1 

— 2 § 


2x 45 46 April 24. 


Mean time at Greenwich 25 4 14 April 24. 


Longitude in time « 


3 18 28 = 49° 37’ 0” West. 


O.O1ISI 
0.05142 


8.98744 
9.85724 
5 -30103 


4.20864 


2 a 
13, G4SaN. 
ieee 


137 42 
go 


103 7 42 
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EXAMPLE V. 


January 27, 1830, in latitude 6° 58’ N. the following altitudes of 
the Sun’s lower limb were observed (the eye being elevated 18 feet) 
corresponding to the times shewn by a Chronometer, originally set to 
Greenwich time, where it was A.M. at the time of observation, whose 
error and rate were settled at Bombay, in longitude 72° 54’ 24’ E, 
on January 16; having on that day, at noon, been 5h. 17m. 42s, 
too slow, and losing 5.5s. daily : required the true longitude of the 


Ship. 


Times byChron. Altitudes. 


h, m. s. oO ’ > . o g a“ 
23 4 26 18 42 Obs. alt.©’s low. limb 18 11 40 Daily loss ‘ ey pe 
717 1812 °Semidiameter 16’ b+ 1212 Days from Jan. 16 
930 1741 £4Dipofhor. 4 4 to Jan. 27 xs 
3) 2113 5435 Sun’sapp.altitude 18 23 52 60) 60.5 
—— Ss ———— Refraciion ° — 250 
23 18 II 40 —-—— Accumulated rate tm.o. 5s, 


7 4 
§ 17 42 Original error. Sun’s true altitude 18 21 2 eee te 
Sun’s declination, Jan. 27, 18 30 148 
28 24 46 Corr. for oh. 39m. bef. noon + 22 


+ 1 1x Accumulated rate. 


Sun’s reduced declination 18 30. 36 


28 25 47 Meantime at Bombay, aft. n. Jan. 26, 90 
4 51 38 Long. of Bombay E, ee ec 


et TS Sun’s polar distance . 108 30 36 
23 34 9 Mean time at Greenwich, Jan. 26. 
— 13 6 Equation of time.* 


Se eee 


23 21 3 App. time at Greenwich, Jan. 26. 


True altitude y . 8 at 

Polar distance - : 108 303 =  Co.secant - 0.02306 

Latitude - - 6-56). % = Secant = 0.00322 

Sum : - 133 49% 

Half sum - - 66 55 - Co.sine - 9.59336 

Remainder . : 48 34 - Sine - 9.87490 

Const. Log. - 5.30103 

h. m s. SEE eS a 

Apparent time at Ship, Jan. 27 431438 - Rising - 4.79557 
24 

Ditto after noon, Jan.26—- 28 31 48 

App. time at Greenwich, Jan. 26 23 21 3 

Longitude in time - § 10 45 = 77° 41' 15” East, 


* See Note in page 262. 


ac 
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EXAMPLE VI. 


May 28, 1830, P. M., in latitaue 0° 48’ N., the mean of several 
altitudes of the Star Antares, when eastward of the meridian, was 
30° 42’ 30’, the height of the eye being 16 feet, and the mean of the 
times by a Chronometer 10h. 138m. 21s. P. M., which had been 
found, May 5, at St. Helena, in longitude 5° 43’ 30” W., Oh. 54m. 82s. 
too fast at noon, and gaining daily 15,4s.: required the longitude of 
the Ship. 


h. m 3. ain Se 8. 
Time by Chron. 10 13 21 Star’s obs. alt. . 30 42 39 Daily gain ; 15.4 
Original error — §4 32 Dipofhor. . — 350 Days from May 5 to 
———_ Refraction 2 — 135 May 28 ° . 23 
9 18 49 —— 
Accum. rate — 6 o Star’struealt. . 30 37S 60) 354.2 
__ Cialis’ Be 
Mean time at ©’s R. A. May 28 4 1856 Gainin 23 days . 5m. 548. 
St. Fut 912 49 Corr. for gh. 39m. + 1 37 Gaininghours . + 6 
Long. of ditto + 22 54W. we —_—— 
————— Sun’s red, R. A. 4 20 33 Accumulated rate 6m. os. 
Mean time at ? h. m. s. 


Greenwich 9 35 43 Star’s R.A. 1820 16 18 22 Star’s declin. 1820 260 1 169 
Equa. oftime + 3 5 An.V.+ 35.66 x10i=+ 38 An.V.+8".62XI0s=+4 1/317 


oe a 


App. time at 9 38 48 Star’s red. R.A. 1619 © Star’sred.declimn 26 2 47 
Greenwich go 4 go 


Star’s polar dist. 116 2 47 


Star’s true altitude - - 30 37 

Star’s polar distance . 116 3 . Co. secant - 0.04653 

Latitude - _- o 48 - Secant - 0.00004 

tn? - - 147 28 

alf sum - . i 

1 73 44 * Co. sine ;- ©4473 

Remainder - - 43 7 - Sine . stant 
Const. Log. 5+ 30103 

Star’s distance from idi gi ae ” 4.62966 

meridian - - Risi ° . 

Star’s right ascension - By 5 “4 im a 

Right ascension of meridian - 12 39 3 

Sun’s right ascension - 4 20 33 

Apparent time at Ship - 8 18 30 

Apparent time at Greenwich - 9 38 48 


Longitude in time . I 20 18 = 20° 4! 30" West. 
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In the last two examples, the errors of the Chronometers are given 
for the places where the rates were ascertained ; but as it may be 
more convenient to have their errors on mean time at Greenwich, 
these may be obtained by applying the longitude in time, to the mean 
time at the place of observation (subtracting in East longitude and 
adding in West), the result will shew the mean time at Greenwich. 

Suppose (Example V.) that by an observation taken at Bombay, 
January 16,1830, the Chronometer shewed at noon, 18h. 42m. 18s, 
required its error on Greenwich mean time. 


h. m. 8. 
Mean time at Bombay : ‘ 24 © o January 15. 
Longitude of Bombay . : 451 38 EB 
Mean time at Greenwich ‘ : 19 8 22 
Time by Chronometer * 4 ‘ 18 42 18 


Chronometer too slow for Greenwich mean time 0 26 4 


Then to find the mean time at Greenwich when the altitudes were 
taken on January 27th, we should proceed thus : 


h. m. s. 

Mean of times by Chronometer ; 23 7 4 

_ Original error (January 16) : + 26 4 
23 33 8 

Accumulated rate + re I 
Mean time at Greenwich . 23 34 9 


In Example VI. suppose May 5, 1830, at St. Helena, the Chrono. 
meter shewed 0h. 54m. 82s. when it was inean noon at that place ; 
required its error on Greenwich mean time. 


h. m. s 
Mean time at St. Helena ° . 000 
Longitude of St. Helena Oo 22 54 W. 
Mean time at Greenwich : . © 22 54 
Mean time by Chronometer ° ° © 54 32 


Chronometer too fast for Greenwich mean time 0 31 38 


Then to find Greenwich mean time when the observations were 
made, May 28th. 


h. m. 8s. 

Mean time by Chronometer : 10 13 2r 
Original error (May 5) 3 — 31 38 
9 41 43 

Accumulated rate = ° — 60 
Mean time at Greenwich ; 9 35 43 


When several Chronometers are on doard, the time shewn by one 
of them, with a corresponding set of altitudes, will serve to find the 
longitude by them all; for this purpose the observer is to compare 
one of the Chronometers with each of the others, immediately before 
the observations, and note their differences ; these differences are to 
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be applied to the mean of the times shewn by the above Chrono- 
meter, when the altitudes are taken, which will give the correspond- 
ing times by each Chronometer : to these apply their original errors 
and accumulated rates, and the result will be the several mean times 
at Greenwich, or other meridian to which the Chronometers are set ; 
the differences between which and the mean time at Ship, deduced 
from the altitudes, will give the longitude according to each Chro- 
nometer. 

It is the practice with many persons to use a good pocket watch, 
having a hand that points out seconds, instead of noting the times by 
one of the Chronometers. When this plan is adopted, the compa- 
risons are to be made before the observations, as above directed, and 
the differences applied to the times shewn by the watch, when the 
altitudes are taken. 

To ensure accuracy, it may be advisable to compare the watch 
with the Chronometers immediately after the observations are made, 
and if the differences be not the same, a proportional part of the 
change of differences should be applied to those shewn before the 
observation. 


EXAMPLE VII. 


November 15, 1829, a Chronometer, No. 156, was 5m. 27s. slow 
onmean time at Greenwich, and losing daily 6.4s. 

January 24, 1830 (January 25th A. M. civil time), in latitude 
26° 492’ S. the following altitudes were observed, with the corres- 
ponding times by the above Chronometer, which had been previously 
compared with Nos, 284, 376, and 807: required the longitude by 
each Chronometer, also the longitude brought up to noon, the ship 
having made 10 miles of longitude west between the time of obser- 
vation and noon ; the height of the eye being 20 feet, and no index 
error to the sextant. 


Times by Cae No. 156, Alt.©’s low. limb. 
. e m. Ss. 


. 8. 
17 17 16 . , 24 24 15 Daily loss of Chron. No. 156 6.4 
1m 1. m 33 50 Days elapsed since Nov. 15 70 
18 47 . ; 40 30 
Ee PST A 60) 448.0 
3) 34 4 98 35 
Lossin7odays . 7m.28.08. 
Means 1718 24 32 52 Ditto in 17h. 23m. + 4.6 
Originalerror+ 5 27 Index error . ° aan aT ee 
F Accumulated rate . 7m. 32.4s. 
17 23 28 24 32 §2 2 o 7 
Accum.rate + 7 33 Semid.16’16" Sun’s declination, Jan.25 19 o 288. 
Dip . 417 + 11 59 Corr. for Greenw. ret + a 
Mean time ; ee te se 6h, 29m. before noon 35 
at Greenw. §77 3 App. altitude 24 44 51 
24 Refraction . — 2 4 Sun’sreduceddeclination 19 4 19 
- cay ; 
Ditto before True altitude 24 42 4 ey re 
noon, Lint : be 59 sie / Sun’s polar distance 70 55 41 
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True altitude > > 24 43 
Polar distance - - 70 554 —- Co. secant - 0.02453 
Latitude : - 26495 - Secant - 0.04945 
Sum - ° 122 28 
Half sum - - 61 14 - Co.sine - 9.68237 
Remainder 7 - 36 31 - ‘Sine - 9.77456 
Const. Log. - 5.30103 
h. m. s. —— 
Time from noon - 445 8 . Rising - 4.83194 
24 
Apparent time at Ship - 19 14 52 
Equation of time - + 12 36 
Mean time at Ship - 19 27 28 | 


Mean time at Greenwich by 2 |° 


Chronometer, No. 156 gi7 31 1 


_ 


ah eee, ° 
Longitude in time by ditto - 1 56 27 = 29 6 45 East. 
Longitude made to noon - — 10 oO West, 


Longitude at noon . 28 56 45 East. 


No. 284. No, 376. No. 807. 


: h. m. oily Fa is. 
Chronometer, No.156 - - -| 17 12 41] 17 13 26/17 I4 35 
Chronometers - - - = -|17 16 18] 17 23 42) 17 8 53 
Differences - - - = ts -|+ 3 37|+ 10 16|/— 5§ 42 
Chronometer, No. 156, when 2? 

altitudes were taken wh § 17 18 17-18 A 


17; 217735 OS «i 19)) £3. Tae 


Original Errors - - - - -| + 7.24 1Oo 26] + 415 48 
17 29 38° 43') 17) 28) 9 
Accumulated rates - - - -|+4+ 2 11 7 Wilk 3 2 


Mean time at Greenwich by 


Chenhomneters .)scet co PE GBR TS Bhs Aor ath OE gg 


Mean time atShip - - - -{ 19 27 28 1g 27 28 
Longitude intime - - - -| I 56 I 56 19 

n ° U ie) ° 4 U7] 
Longitude of Ship - - - =| 29 3 45 29 4 45 £E. 
Longitude made to noon - -| — Io — 10 oOwW. 
Longitude at noon - - - -| 28 53 45 28 54 45E. 


OF re hie 
28 50 45 


Longitude by No. 156 © ome 
Se eighs! NG 284 — 28 53 45 
mem geet te Noig96 “e 28 53 15 
— — No. 807 — 28 $4 45 
4) 218 30 


28 54 37 E. 


Mean Longitude at noon 


e 
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To find the Rate of a Chronometer or Timekeepers. 


When a Chronometer is received from the maker, or person to 
whose care it has been intrusted to regulate its going, a memoran- 
dum is always given with it, stating how much it is too fast or too 
slow for mean time at the meridian of the place, on a given day ; 
and its daily rate of going, that is, its gain or loss in 24 hours of 
mean time, in seconds and tenths of a second; these particulars 
should be entered in a book kept for the purpose of carrying on the 
sum of the daily rates, or the total gain or loss of the Chronometer, 
to each day at noon; so that the accumulated rate may be readily 
known without the trouble of calculating its amount every day of 
observation. 

Should the rate of a Chronometer continue always uniform, the 
lungitude is to be found as shewn in the last problem; but as these 
instruments are liable to vary their rates, it is necessary to examine 
their going whenever opportunities present themselves; and this 
may easily be done when the ship is in harbour, or in the same 
piace, two or three weeks, by taking a set of altitudes when the Sun 
is at a proper distance from the meridian; from which the mean 
time at the place of observation may be obtained; the difference 
between which, and the mean of the times pointed out by the 
Chronometer, will give what it is too fast or too slow, at that me- 
ridian. 

Immediately before the Ship sails, repeat these observations, and 
find again how much the Chronometer is too fast or too slow for 
mean time: the difference of these errors, when they are both of the 
same name, or their sum, when of contrary names, will be the whole 
gain or loss, during the interval between the two observations; there- 
fore to find the daily rate, say, as the interval of time, is to 24 hours, 
so is the whole gain or loss, to the daily rate. 

If the Time-keeper be too fast at the time of the first observation, 
and the error is increasing, it is evidently gaining on mean time; but 
if decreasing, it is losing; on the contrary, if the Time-keeper be too 
slow at the time of the first observation, and the error increasing, it 
is losing ; but if the error be decreasing, it is gaining. 

The rate deduced from the comparison of the errors, is founded on 
the supposition that the motion of the Chronometer is uniform during 
the interval of time between the observations; but should that not be 
the case, these observations will not detect its irregularity; it will 
therefore be prudent to take the observations as frequently as circum- 
stances will permit, by which several rates will be found, differing a 
little from each other, but the means of these may be considered as 
the true rate, and employed as such in subsequent observations for 
finding the longitude. 

If any of the rates found as above should differ materially from 
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the rest, they should be altogether réjected, as probably arising from 
some error in the observations, or irregularities in the going of the 
Chronometer. 

When several observations are taken, by some of which the Chro- 
nometer is found to be gaining, and by others losing, take the differ- 
ence between the sum of all the gainings, and the sum of all the 
losings, which divide by the number of days elapsed while it is under 
trial, and the quotient will be the mean rate, of the same denomination 
with the greater quantity. 

The method of finding the rate of a Time-keeper by altitudes taken 
in the usual way, from the horizon of the sea, is well adapted to the 
practice of seamen, and if the observations be taken with care and 
skill, the rate so found may be sufficiently exact for the usual length 
of a West India voyage: but it must be observed, that if there be an 
error in the daily rate, since that error accumulates every day, the 
longitude deduced from the Time-keeper at the end of a long interval! 
may, in that case, be wide of the truth. 

The rate may, however, be found nearly as correct as with an as- 
tronomical clock, by altitudes taken on shore, with a sextant and an 
artificial horizon: indeed, these two instruments may be considered 
a portable observatory, and a person with their assistance will be 
enabled to regulate Time-keepers, wherever he may chance to stop; 
and here we must remark, it is not necessary to take the Time-keeper 
on shore for that purpose; for if the observer has a good pocket 
watch, that shews seconds, it may be compared with the Chrono- 
meter ‘immediately before he goes on shore; and the difference ap- 
plied to the mean of the times s pointed out by the pocket watch, when 
the altitudes are taken, will be the time by the Chronometer, cor- 
responding to the mean of the altitudes. In fact, the rate of a Chro- 
nometer should always be ascertained, if possible, when it is on boara 
ship, where being once fixed it should on no account be removed; 
for it has been found by experience, that the motion of a Time- 
keeper is generally accelerated after being received on board, whereby 
a losing rate will be diminished, and a gaining one increased : this 
effect has been ascribed to * the magnetic action exerted by the 
iron in the vessel on the inner rim of the balance, which is made of 
steel.’’* 

When the motion of a Chronometer is accelerated after its rate 
has been determined, the longitude resulting from observations made 
with it will be to the westward of the true. longitude, and when its 
motion is retarded it will give the longitude too far to the east- 
ward. 


* See Mr. Fisher’s paper on the errors in longitude, as determined by Chronometes 
at Sea, read before the Royal Society, ‘i 8, 1820.—Phil. Trans. 1820, p. 207. 
ND 
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We shall now proceed to illustrate the foregoing rules and remarks 
by a few Examples. 


EXAMPLE I. 


October 2, a Chronometer was 10m. 42.8s. too fast at noon for 
mean time at Greenwich, and October 11, at noon, it was 11m. 19.4s. 
too fast for the same meridian: required the daily rate of the Chro- 
nometer. 


m. 8 


October 2 Chronometer was too fast 10 42.8 
October 13 _- too fast Il 19.4 
Interval 9g days 9) © 36.6= gain in y days. 


Daily rate o 4.1 gaining, 


EXAMPLE II, 


At noon, June 13, a Chronometer was 3m. 37s. too fast for mean 
time at Greenwich, and, at noon, June 25, it was 2m. 13.8s. too fast 
for the same meridian: required the daily rate of the Chronometer, 


m. Ss, 
June 13 Chronometer was too fast CHE: Vg 
June 25 _ too fast a, 338 
Interval 12 days 12) I 23.2 <> loss in 12 days. 


Daily rate o 6.9 losing. 


EXAMPLE III. 


February 2, at noon, a Chronometer was Im. 10s. too fast, and on 
February 23, at noon, was 0m. 50s. too slow, for Greenwich mean 
time: required tne daily rate of the Chronometer. 


m s&s 
February 2 Chronometer was too fast i +16 
Bebruary 23 ~— too slow Oo 50 
Interval 21 days 2 Os loss in 21 days, 
60 
21) 120 
Daily rate 5.7s. losing. 


EXAMPLE IV. 


November 5, vy an observation taken at 4b. 20m. P.M. a Chrono- 
meter was found to be 2h. 10m. 45s. too slow ; and on November 17, 
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at 7h. 32m. A. M. (civil time), it was 2h. 18m. 86s. too slow at the 
same meridian: required the daily rate of the Chronometer. 


November 5 at 4h. 20m. Chronometer was too slow 2h. rom. 45s. 
November16 at Ig 32 ori — too slow 2 13 36 


eee 


Interval x1 days 15h. 12m. Loss during the interval oh. 2m. 513. 


Then, As 11 days 15h. : 24 hours :: 2m.5Is. : 14.73. 


Hence the daily rate of the Chronometer is 14.7s. losing, 


EXAMPLE V. 


May Ist, 1830, at Falmouth, in latitude 50° 9’ N. and longitude 
5° 2’ W. at 18h. 45m. (being May 2d, at 6h. 45m. A. M. civil time), 
the following altitudes were taken with an artificial horizon, for the 
purpose of ascertaining the daily rate of a Chronometer which had 


been previously set to Greenwich time ; the mdex error of the sextant 
being 1’ 35” to be added. 


h. m. 
Time at Falmouth - 18 45 


TimesbyChron, Dble. Alts. Long. in time - + 20 W. 
h, m. s. Se pty Const. Log. 9.1249 
19 10 12 37 48 45 Greenwichtime - 19 5 = Pro. Log. 0.9746 
1% 22 38 4 30 Daily variation - 18’ 4” ~- Pro. Log. 0.9984 


me 14 33 38 20 15 


4 
Variation in 19h. 5m. $. 14 22 Pro. Log. 1.0999 
Sey ae 114 13 30 Dec. atnoon,Mayr 15 0 22N. 


ee 


Seanad 2 
19 12 22 38 4 30 Sun’s reduced dec. 15 14 44N. - Sécant oeheeee 
Index error - + 1 35 Latitude - 50 9 ON. - Secanto.193291 

2) 38 6 5. Difference - 34 54 16 

— Zenith distance - 70 43 41 

Obs. alt.©’slow.l. 19 3 2 of 
Sun’s semidiameter + 15 53 Sum + 105 37 57 93 
——— Halfsum - °§2 48 58 - Sine 9.901202 
App. alt. ©’s center 19 18 55 Difference - 35 49 25 273 
Refraction — 2/44" Q 6 Half difference - 17 54 42 Sine 9.487643 

Parallax + 8 §7 73 


Const. Log. 5.301030 


: ee h. m. 8, jee 
True ait. © gs center 19 16 19 Timefromnoon - 512 8 .« Rising 4.89909 
yo 24 
Sun’s zenith dist. 70 43 41 App.timeat Falmouth 18 47 52 
Equation oftime - ~— 3 7 


Meantimeat Falmouth 18 44 45 
Time by Chronometer 19 12 22 


Chron. too fast ford HD 
merid. of Falmouth § 27 37 
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May 2d, 1830, at Falmouth, at 18h. 50m. (being May 3d, at 6h. 
50m. A.M civil time), the following observations were taken with 
the same instruments as before, to find the daily rate of the Chrono- 


meter, 


TimesbyChron. Dble. Alts. 


h.eis ee Os ie 

19 16 47 40 10 30 

18 oO 23 15 

Ig 13 37 O° 

3) 54 0 7° 45 
Means 19 18 0 40 23 35, 
Index error - +1 35 
2) 40 25 10 

Obs. alt.@’s low. 1. 20 12 35 
Sun’s semidiameter ++ 15 53 


Obs. alt. ©’s center 20 28 28 
Refraction — 2’ 34” 


Parallax + “8 §7 # 26 


True alt. ©’s center 20 26 2 
go 


69 33 $8 


Sun’s zenith dist. 


h. m. 
Time at Falmouth - 18 50 


Long. in time - + 20 W. 
Const. Log. 9.1249 
Greenwich time - 19 10 + Pro. Log. 0.9727 
Daily variation - 17'50% - Pro, Log. 1.0040 
a 
Variation in rgh. tom. ea 14 15* Pro. Log. 1.1016 
Dec. at noon, May 2 15 18 26N. 
——— 24 
Sun’s reduced dec. 15 32 41N. - Secanto.o16160 
Latitude . 50 g ON. - Secant 0.193291 
Difference . 34 361 
Zenith distance - 69 33 5 
Sum - 104 10 17 13 
Half sum - 525.3. =" sie 9.897025 
Difference - 34 57 39 32 
Half difference - 17 28 49 - Sine 9.477340 
Const. Log. 5.301030 
h. m. s. ——-—— 


Time from noon - 5 617 - Rising 4.88521 
24 


oe 


App. time at Falmouth 18 53 43 
Equation oftime » — 3 14 
Meantimeat Falmouth 18 50 29 
Time by Chronometer 19 18 0 


— 


Chronometer too fast for merid. 2 


of Falmouth, May 2d 


Ditto 


Daily loss of Chronometer - 


§ 27 3! 
27. 37 


— 


o 6 


May ist 


May Sth, 1830, at Falmouth, at 18h. 45m. (being May 6th, at 6h. 
45m. A. M. civil time), the following altitudes were taken with the 
same instruments as before, to find the daily rate of the Chrono- 


meter, 


* See Explanation of Table XXXIV. page xxx. 


Timesby Chron. Dble. Alts. 


h. m. 8. be Pa 

19 5 42 38 4 0 

6 55 19 28 

qu4§ 34 44 

3) 20 42 58 12 

19 654 38 19 24 

Index error - + I 35 
2) 38 20 59 

Obs. alt.©’s low. 1. 19 10 29 
Sun’s semidiameter + 15 52 


Obs. alt. ©’s center «19 26 21 
Refraction — 2/43” t_ 
Parallax + 8 2 35 


— 


True alt. ©’s center 19 23 46 


Sun’s zenith dist. 


Chronometer too fast, May 5, 


Loss in 3 days - 


Daily rate 
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h, m. 
Time at Falmouth - 18 45 
Long. in time - + 20W. 
Greenwich time - I9 5 = 
Daily variation - 17’ 2” - 
Variation in 19h. 5m. $. 13 33 
Dec. at noon, May 5 1611 &N. 
Sun’s reduced dec. 16 24 41N. 
Latitude - 50 g ON. 
Difference - 33 44 I9 
Zenith distance - 7o 36 14 
Sum - 104 20 33 
Half sum - 52 10 16 
Difference . 36 51 55 
Half difference + 18 25 57 

h. m. 5s. 


Time from noon - 


a 


App. time at Falmouth 18 43 12.5 


Equation oftime - — 3 32 


Mean timeat Falmouth 18 39 40.5 


Time by Chronometer 19 6 54 


May 2, a7 21 


3) 


5 16 47-5 - 
24 


—_ 


27 13.5 


O 17.5 


Const. Log. 9.1249 


Pro, Log. 0.9746 
Pro, Log. £.0240 
Pro. Log. 1.1235 


25 
- Secant 0.018039 
- Secant 0.193291 


26 

- Sine 9.897516 
360 

- Sine 9.499584 


Const. Log. 5.301030 


Rising 4.90937. 


© 5.8 losing. 


May 7, 1830, at 18h. 35m. the altitude of the Sun’s lower limb, 
taken as before, and corrected for index error was 18° 30’ 37” wien 
the Chronometer shewed18h.59m.47s-by which it will be found that 


the mean time at Falmouth was 18h. 3m. 46s. 
tude was observed, the Chronumeter too fast 27m. 1s, 


when the Sun’s alti- 


which, com- 


pared with its error on May 5, gives its daily rate 6.2s. losing. 


Again, May 11, 1830, at 18h. 35m. the altitude of the Sun’s lower 
limb, taken as before, and corrected for index error, was 19° 2’ 23”, 
when the Chronometer shewed 18h. 57m. 34s. which gives the error 


of the Chronometer for the meridian of Falmouth 26m. 36s. 


fast, and the daily rate 6.2s. losing. 


too 
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From the preceding observations, the mean rate may be determined 


as follows : 
Daily rates. 


May 1 Chronometer was too fast 7 i loss iho day “ga ay dy 
RT, — — 108 rig 27 31 vs tone ing dings re ty = na 
my ‘ eae: ic re > ie af Baas — lossin 2 days 12.52 = 6.25 
— If — — too fast 26 36 — lossin 4 days 25:04 = 6.25 
Loss in 10 days 61.0 4) 24.33 


Mean daily rate 6.08 


Or 61.0s. the total loss, divided by 10, the number of days elapsed 
between the first and last observations, gives the mean daily rate 
6.1s. 

Hence it appears that on May 11, at 18h. 57m. 34s. (May 12th at 
6h. 57m. 34s. A. M. civil time) the Chronometer was too fast at the 
meridian of Falmouth 26m. 36.0s. and losing daily 6.1s. 

Or if the longitude of Falmouth in time (20m. 8s. W.) be added to 
18h. 30m 58.0s., the mean time at Falmouth when the observation 
was made May 11th, it will give the mean time at Greenwich 18h. 
51m. 06.0s., which subtracted from 18h. 57m. 34s. shews that the 
Chronometer was 6m. 28.0s. too fast at the meridian of Greenwich. 

It is essential, that the altitudes used for finding the rate of a 
Chronometer should be observed about the same time of each day, 
or that the proportional part of the gain or loss should be found: 
for as the daily rate is the loss or gain in 24 hours, it follows, that if 
one observation, for instance, be taken in the morning, and another 
in the afternoon of the following day, the interval being more than a 
complete day of 24 hours, the difference of the times by the Chrono- 
meter will be more than the daily rate : let us suppose that the above 
series of observations were continued, and that on May 138th, altitudes 
were taken in the afternoon, by which it appeared, the mean time at 
Falmouth was 5h. 15m. 33s. P. M. when the Chronometer shewed 
5h. 42m. 00s. and was therefore 26m. 27s. too fast for mean time, 
when the observations were taken. 


May 11d. 18h. 30m. 58s. Chronometer was too fast 26m. 36s. 


May 136 °*5* * 15" %.33 : - - 26 27 
Interval tt 10 44 35 Diff. 9 


The Chronometer therefore lost 9s. in 1 dav 10h. 45m. = 34h. 45m. 
or 35 hours nearly : consequently, as35h. : 9s. :: 24h. : 6.2s., the 
daily rate required. 


Three or more Chronometers may be compared together daily, and 
a judgment thence formed of the regularity of their going: as, for 
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mstance, suppose the comparison be made each day about noon, with 
three Chronometers : the assumed rate of No. 1. being 5s. gaining ; 
of No. 2, 2s. gaining ; and of No. 3, 33. losing; let. the comparisons 
be made as in the following tables : 


Comparison of No. 2. with No.1. Comparison of No. 8. with No. 1. 


Chr.No 1|Chr.No 2] Elst |See. 


Chr.No 1/Chr.No 3 se aoe 


.m. s.jh. m. s.}m. s, 


h. - 8. h s. 
aac Ser 
3 1}. 4 33 
3} 0 fe) 3 4 4..0,10..350) 0,31 30| 4°40 i 
4}0 O : A a” ES SSPs et ar Se Ob aise 
510 ° 3 51013 50,0 8 56) 4 54 
Bho re) “4 6/0 g915;0 414 5 x 7 
7\0 ) 3 7.1015 20 010101 5 10 9 
Blo re) 3 8 | 0 20 50] 0.15 32] 5§ 18 ; 
g{o ° 3 9] ° 15 55; 9 10 31] 5 24 
10 | 0 ° ; 10 |.0.16 40'0 111.9) 5 33) 9 
Daily gainof No.1 . . §8 Daily gain of No. 1 58. 
Daily gainofNo,2 . . 2 Daily loss of No.3. . 3 
Daily diff. should be . 4 Daily diff. should be 8 


Comparison of No..3. with No. 2. 


Taz First |Sec. 
2/Chr.No 3! gig laine 


0.0, O-On0°O 0 07040. E: 
oo0oo0 00000 Ff 
AWM ALU HU H 


I 
2 
3 
4 
5 
6 
7 
8 
9 
fe) 


—_ 


Daily gain of No. 2 28. 
Daily loss of No.3. . 3 
5 


Daily diff. should be . 


Now by comparing No, 2. with No. J. we find that it is regularly 
gaining daily 3s. on No. 1. equal to the difference of their rates ; 
again, No. 3. being compared with No. 1. their daily difference, 
which should be 8s., the sum of their daily rates, because one is gain- 
ing and the other losing, appears to be irregular; and, lastly, No. 8. 
compared with No. 2. gives also irregular differences, which should 
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be 5s. the sum of their rates ; hence we conclude, that No, I. and No, 2 
are going steadily, but that No. 3. is going very indifferently. 

In winding up a Chronometer that is going, great caution should 
se observed, not to give it circular motion, which would alter its rate _ 
some seconds, or, perhaps, even stop its going; but when a Chrono- 
meter is once suffered to run down, it will not acquire new motion, 
without giving it two or three quick horizontal circular turns; and it 
must be observed, that when it has once stopped, though for ever so 
short a period, it will not recover the regularity of its motion for some 
days after, and consequently no reliance can be placed in its perform- 
ance, until its rate be proved the same as before it stopped. _ 

A Chronometer should be wound up regularly at the same time of 
the day, and great care taken not to give the key, first halfa turn, then 
a whole turn, afterwards three quarters, and so on; for this irregular 
mode of winding up, will sometimes very materially alter its rate, 
and should be as carefully avoided as circular motion : it is therefore 
advisable to turn the key always half round ata time. ‘The Chrono- 
meter should also be examined before the case is shut, to ascertain 
whether it continues going, as sometimes, when wound up in haste, 
and the chain overstrained, it will be liable to stop. 

Time-keepers are of great utility in carrying on the longitudes de- 
duced from lunar distances from one day to another, so that the re- 
sults of a number of observations may be brought to one point of 
time. Also, the apparent time found by altitudes taken at a proper 
distance from the meridian, being carried on by the Chronometer, will 
answer for any lunar observation taken in the course of 24 hours; in 
fact, whenever it is requisite to measure short intervals of time accu- 
rately, or to ascertain the difference of longitude between adjacent 
places, these instruments are of the greatest importance. 

The method of carrying on or deducing the time of taking dis- 
tances, to the time of taking altitudes for the Chronometer may be 
illustrated as follows : suppose that altitudes are taken in the morning 
for ascertaining the longitude by Chronometers, and that a set of 
lunar distances be observed in the afternoon; take the elapsed time, 
as measured by the Chronometer, from observing the altitudes to that 
of observing the distances, and when the time at Greenwich is deduced 
from the distances, subtract this elapsed time from it, and the re- 
mainder will be the time at Greenwich when the altitudes were taken 
in the morning, and will produce the longitude at that time, and not 
when the distances were observed. On the contrary, if a set of lunar 
distances are taken before the altitudes are observed to find the appa- 
rent time, then the elapsed time must be added to the Greenwich time, 
to bring the longitude to the time when the altitudes were taken. 

Or, which is precisely the same thing, ascertain by the altitudes how 
much the Chronometer is too fast or too slow at the meridian of the 
place of observation: this error being applied to the mean of the times, 
by the same Chronometer, when thedistances are observed, will reduce 
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the longitude by the lunar observation to the meridian where the error 
was ascertained ; consequently, will give the longitude of the ship 
when the altitudes were observed. 


EXAMPLP. 


June 6, 1830,a set of altitudes were taken in the morning, which 
gave the apparent time at Ship 20h. 14m. 16s., when a Chronometer, 
having no rate, shewed 22h. 15m. 32s. from noon the same day; and 
June 7, at 2h. 19m. 45s. by the same Chronometer, a set of distances 
were observed, which gave apparent time at Greenwich 2h. 41m. 17s.; 
required the longitude when the altitudes were taken for the Chro- 
nometer. 


h. m. s. 
Time by Chronometer when the altitudes were observed 22 15 32 
Time by Chronometer when the distances were observed 26 19 45 — 
Interval. by Chronometer ‘ ‘ ‘ 4 413 
App. time at Greenw. when the distances were observed 26 gr 17 


App. time at Greenwich when alts. were taken for Chron. 22 37 4 
App. time at Ship when alts. were taken for Chronometer 20 14 16 


Longitude when‘altitudes were taken for Chronometer 2 22 482359 42’ W. 


Or thus, 


: h. m. s. 
Time by Chronometer when the altitudes were observed 22 1 5-32 
App. time at Ship, when altitudes were taken for Chron. 20 14 16 


Chronometer too fast at that Meridian . : 2 116 
Time by Chron. when the distances were observed 4 26 19 45 
App. time at the Meridian where the altitudes were taken, ) 3 
when the distances were observed . . etek Phim 
App. time at Greenw. when the distances were observed 26 41 17 


Longitude when alts, were taken for Chronometer : 2 22 482=35° 42! W 


Observations of lunar distances may be carried on from one time 
to another, so that when the observer has obtained a number of sets 
on each side of the Moon, he may bring them all to one point of time, 
by the Chronometer, and thereby get a mean of all the observations, 
which will give very nearly the true longitude, if the observations 
are carefully made. This may be explained as follows: suppose on 
January 20th, six sets of lunar distances be observed; on the 2Ist, 
four more; and on the 28d, being the last day when the distances are 
set down in the Nautical Almanac, on that side of the Moon, six 
more sets be observed. Bring each set of distances to the time when 
the altitudes for Chronometers were taken on their respective days; 
then take the difference of longitude shewn by the Chronometer be- 
tween the 20th and the 23d, at the time the altitudes for the Chrono- 
meter were observed, which apply to each set taken on the 20th; do 
the same between the 2ist and 23d; each set will then be brought 
on to the time when altitudes for the Chronometer were taken on tne 


Oo 
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23d; in all sixteen sets. ‘Lhe mean of these observations will, in all 
probability, not be far from the truth. In this manner, observations 
may be carried on by distances taken on the other side of the Moon, 
and the result deduced from their mean will approximate still nearer 
to the truth. ‘Thus the lunar observations and Chronometers may 
be made to go hand in hand with each other, to discover the ship’s 
true longitude. . 


EXAMPLES FOR EXERCISE. 


I. July 8, 1830, P. M. in latitude 47° 46° N. the observed altitude 
of the Sun’s lower limb was 26° 32’ 17’, when a Chronometer shewed 
2h. 50m. 15s. P. M.; whose error and rate had been determined at 
noon, June 25th, when it was fast on Greenwich mean time 2m. 13.8s. 
and losing 6.9s. daily ; the error of the sextant being + 5’ 10’, and. 
the height of the eye 28 feet: required the longitude of the Ship. 


Answer. Mean time at Ship 5h. 2m. 16s.; mean time at Greenwich 
2h. 49m. 32s. and the longitude 33°11, 0" East. 


lI. October 11, 1830, at noon, a Chronometer was fast on Green- 
wich mean time 11m. 19.4s. and was gaining 4.1s. per day. 

October 21, A. M. (civil time), in latitude 34° 37'S. the same Chro- 
nometer shewed Gh. 42m. 10s. A. M. when the observed altitude of 
the Sun’s lower limb was 42° 19’ 52”; the index error being 2’ 30’ to 
subtract, and the height of the eye 20 feet: required the longitude. 

Answer. Mean time at Ship, October 20, 20h. 44m. 27s. ; mean 
time at Greenwich 18h. 30m. 1ls.; and the longitude 33° 34 0’ E, 


lil. August 7, 1830, at noon, a Chronometer was slow on mean 
time at Greenwich 17m. 30s.; and on August 13, at noon, it was 
slow on mean time, at the same meridian, 18m. 45s, 

August 23, A. M. (civil time), in latitude 37° 40’ N., when the above 
Chronometer shewed 5h. 53m. 16s. (being P. M. at Greenwich), the 
observed altitude of the Sun’s lower limb was 87° 15’ 40’, the index 
error of the sextant being 2’ 15” to subtract, and the height of the eye 
20 feet: required the longitude. 


Answer. The daily rate of the Chronometer was 1%.5s. losing; 
ihe mean time at Ship 20h. 37m. 33s., and the mean time at Green- 
wich 30h. 14m. 9s. past noon, August 22d: the longitude 144° 9’ 0° 
West. 


\V. January 2, 1830, at noon, a Chronometer was 1h. 12m, 52.5s. 
slow on mean time at Greenwich ; and on January 9, at noon, it was 
lh. i8m. 57s. slow on mean time at the same meridian. 

January 30, P. M. in latitude 30° 20’ N. when the above Chrono- 
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meter shewed 2h. 39m. 51s. (being January 30, A. M., civil time, at 
Greenwich), the observed altitude of the Sun’s lower limb was 
17° 42’ 54’, the index error being 3’ 15” to add, and the height of 
the eye 20 feet: required the longitude. : 


Answer. ‘The daily rate of the Chronometer was 9.2s. losing; the 
mean time at Ship 27h. 56m. 52.s, and the mean time at Greenwich 
15h. 56m. 58s., past noon, January 29; the longitude 179° 43' 30’ E, 


V. February 6, 1830, at noon, a Chronometer was 27m, 54.5s. 
fast on mean time at the Cape of Good Hope, in longitude 18° 32’E, 
and February 18, at noon, it was 29m. 10s. fast at the same meridian. 

March 8, about 5h. 58m. P. M., being in latitude 48° 57’ N. the 
altitude of the Star Regulus was observed to be 17° 42’ 16’, when the 
above Chronometer shewed 3h. 10m. 36s. P.M.; the error of the 
sextant being + 2’ 10’, and the height of the eye 25 feet: required 
the longitude. 


Answer. The daily rate of the Chronometer was 10.8s. gaining ; 
the mean time at Ship 6h. 4m. 57s.; the mean time at Greenwich 
Ib. 24m. Qs., and the longitude 79° 13’ 45” East. 


VI. September 9, 1830 (civi: time), at Bombay, in latitude 18° 56’ 
N. and longitude 72° 54’ 24’ E. about 7h. 20m. A.M., the double 
aititude of the Sun’s lower limb was observed to be 88° 37’ 55” by an 
artificial horizon, when a Chronometer shewed 2h. 31m. 58s. A. M.; 
and on September 16, about 7h. 24m. A. M., the double altitude of 
the Sun’s lower limb was again observed to be 33° 42’ 0’, when the 
same Chronometer shewed 2h. 23m. 54s. A. M. the error of the sex- 
tant being — 2’ 10’: required the rate of the Chronometer, and its 
error on Greenwich mean time, when the latter altitude was observed. 


Answer. The Chronometer was 11m. 9s. fast on Greenwich mean 
time on September 9, and 12m. 22s. fast on September 16, hence 
the daily rate was 10.4s. gaining. 


Vil. May 4, 1830, at Kingston, Jamaica, in latitude 18°’ N. and 
longitude 76° 45’ W. about 4h. 30m. P. M. the double altitude of the 
Sun’s lower limb, taken by an artificial horizon, was 49° 34! 35’, a 
Chronometer, No. 65, shewing at the same time 9h. 30m. 28s. 
~ P.M.; and on May 12, about 4h. 86m. P. M. the double aititude of 
the Sun’s lower limb was 49° 35’ 50”, when No. 65 shewed 9h. 31m. 
5is.; the index error of the sextant being + 1’ 15’: required the 
rate of the Chronometer and its error on Greenwich mean time when 
the latter altitude was taken. | 

Auswer, The Chronometer was 6m. 23s. slow on mean time at 
Greenwich on May 4,and 6m. 25s. slow on May 12; hence the daily 
yate was 0.3s. losing. 


METHOD OF KEEPING 


A 


JOURNAL AT SEA. 


A Sea JournaL is a book wherein is registered an exact and 
regular account of the various occurrences that happen on board a 
Ship during-her voyage; but more particularly those concerning the 
Ship’s way, in order that her situation may be known at any time 
required. 

For this purpose there is kept in the steerage, or some other con- 
venient part of every Ship, a large board, painted black, called the 
Loe Boarp, which 1s usually divided into six columns; the first, on 
the left hand, contains the 24 hours from the noon of one day to the 
noon of the following ; the second and third columns are for the 
knots and fathoms the Ship runs in half a minute, or the miles and 
tenths in an hour*; the fourth column contains the courses steered 
by the Compass; in the fifth the winds are entered; and in the sixth, 
the various remarks, such as the state of the weather, the sails set or 
taken in, the observations made for ascertaining the Ship’s place, the 
variation of the Compass, and whatever else may be thought neces- 
sary. All these particulars are entered every day at noon into a 
book, divided into columns exactly like the log board, and called the 
Log Boox. From this book the Navigator makes the necessary 
deductions, relating to the Ship’s place, every day at noon; which 
operation is called doinga Day’s Work. 

While the Ship is in port, the remarks entered in the log book are 
called HarBour Work; and the account of the Ship’s way, &c. 
kept at sea, is termed Sea Work. 

In Harbour Work the day is estimated according to the civil 
reckoning, as on shore; that is, from midnight to midnight; but at 
sea, the days’ works being made up at noon, are dated the same 
as the civil day, so that the days’ works marked Monday, began or 
Sunday at noon, and ended on Monday at noon; hence the day by 
the Ship’s reckoning, which is called the Nautical Day, begins 
twelve hours before the civil day t: the first twelve hours, or those 
contained between noon and midnight, being marked P.M., signifying 


* In the Royal Navy, and Ships in the service of the East India Company, the log ia 
hove every hour, but in most trading Vessels only once every two hours. This last cir- 
cumstance makes no difference in the computatioa, excepting that the knots and fathoms 
run on every course by the log, must be doubled, to give the whole distance. 

t In compliance with a late order from the Admiralty, the Navy Logs are dated at 
midnight, in order to correspond with the civil reckoning. 
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post meridian, or afternoon, and the other twelve hours, A.M., sig- 
nifying ante meridiem, or before noon *. 

When a Ship is bound from one place to another that lies so far 
from her that she is obliged to leave the land, at the time of losing 
sight of it, the bearing of some place is to be observed, whose Lati- 
tude and Longitude are known; which, together with the estimated 
distance of the Ship from the land, is to be set down on the log board. 
This is called taking a Departure. The distance may, however, be 
more accurately known by taking the bearing twice, and noting the 
Ship’s course and distance between them, as shewn in the first 
example of Oblique Sailing. 


TO CORRECT THE COURSES STEERED BY COMPASS. 


The Variation of the Compass, which is usually found by observa- 

tion, as already explained, must be applied to all courses steered, and 
on all bearings taken by the Compass, in the following manner. 
Suppose yourself placed at the center of the Compass, and looking 
directly forward to the point you are to allow the variation from; 
then, if the variation be easterly, allow it to the right hand of the 
course steered, or bearing taken by Compass; but if westerly, to the 
left hand; by which you will obtain the true course. 
_ Forexample, suppose the course steered by Compass is N.E. by N. 
and the variation is 1 point westerly; now, 1 point to the left hand 
of N.E. by N., is N.N.E., which is the true course required. Again, 
suppose I set a Cape, and find it bear from me & W. by Compass, 
the variation being 13 point easterly: here 13 point allowed to the 
right hand of 8. W. will give S.W. by W. 3 W., the true bearing of 
the land. 

The courses must likewise be corrected for leeway, the nature of 
which mav be thus explained. When a Ship is close hauled, and the 
wind blowing fresh, that part of the wind which acts upon the hull 
and rigging, together with a considerable part of the force exerted on 
the sails, tend to drive her immediately from the direction of the 
wind, or, as it is termed, to leeward. But since the bow of a Ship 
exposes less surface to the water than the side, the resistance will be 
less in the first case than in the second; the velocity, therefore, in the 
direction of her head, will, in most cases, be greater than the velocity 
in the direction of her side, and the Ship’s course will be between 
the two directions. Now the angle contained between the line of 
the Ship’s apparent course, and the line she really describes through 
the water, is termed her LEEway. 

The quantity of leeway to be allowed will depend upon a variety 
of circumstances; as the mould or trim of the Ship; the quantity of 
sail she carries; her velocity through the water, &c.: hence no 


* As the Astronomical Day hegins at noon of the civil day, which is the end of the 
nautical day, the declination of the Sun, used in determining the latitude by a meridian 
altitude, is taken out from the Tables, or Almanac, for the noon of the civil day. 
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general rules can be laid down with accuracy that will determine the 
quantity of leeway at all times. The following have, however, been 
usually given by most writers on Navigation. 

i. When the Ship is close-hauled, has all her sails set.'the water 
smooth, with a light breeze of wind, she is then supposed to make 
little or no leeway. 

2. When the top-gallant sails are handed, allow one point; 

3. When under close-reefed topsails, allow two points ; 

A, When one top-sail is handed, allow two points and a half; 

5. When both top-sails are handed, allow three points and a half. 

6. When the fore-course is handed, allow four points; 

7. When under the main-sail only, allow five points ; 

8. When under the balanced mizen, allow six points ; 

9. When under bare poles, allow seven points. 

As these allowances depend entirely on the quantity of sail set, 
without regard to any other circumstance, it is evident they can only 
be considered as probable conjectures, and may indeed serve to work 
up the day’s work of a Journal that has been neglected. But since 
the computation of a Ship’s way depends much upon the accuracy 0s 
this allowance, it should always be the duty of the Officer of the 
Watch carefully to observe the leeway, and either allow it upon the 
courses steered, before they are put down on the Log-board, or else 
set it down in a column reserved for that purpose. 

The leeway that a Ship makes may be easily estimated thus: 
Draw a small semicircle on the taffrail, with its diameter at right 
angles to the Ship’s length, and divide its circumference into points 
and quarters; then observe the angle contained between the semi- 
diameter which points right aft, and that which points in the direc- 
tion of the wake, and it will be the leeway required. But the most 
accurate method of determining the leeway is, to have a semicircle 
drawn on the taffrail, as before described, with a low crutch or swivel 
in its center. Then, after heaving the log, the line is to be slipped 
into the crutch just before it is drawn in, and the points and quarters 
contained between the direction of the log line and the fore and aft | 
sine of the semicircle, will be the leeway. 

The leeway being determined, is to be allowed from the wind, 
that is, to the right hand of the course steered, when the 
larboard tacks are aboard, and to the left hand when the starboard 
tacks are aboard*, supposing yourself looking from the center of 
the Compass towards that point the ‘Ship’s head is directed to. For 
example; suppose a Ship sails SW. by S. by Compass, with her 
starboard tacks aboard, and she makes one point leeway; her course 


“When a Ship is close hauled, certain ropes, called tacks, which are fastened to the 
* lower corners of the main and foresails, are hauled forward on the weather side, or that 
next the wind, in which case those tacks are said to be aboard, When a Ship is close- 
hauled, with the wind on the right hand, she has her starboard tacks aboard, and is said 
to sail on the starboard tack, But if the wind be on the left hand in the same manner, 
she has her larboard tachs aboard, and is said to sail on the larboard tack. 
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corrected for leeway will be S.S. W. being one point to the left of her 
course by Compass. Again, if a Ship close-hauled sails N. E. when 
the wind is N. N. W., and makes 13 point leeway, her true course 
will be N E. by E, 4 E.; because, having her larboard-tacks aboard, 
13 point is to be counted to the right hand of the course by 
Compass, 

The Examples in the following Table, where the courses steered, 
with the leeway and variation to be allowed on each, are given, 
from thence to find the true courses, will serve to exercise the learner 
in the foregoing rules. 


' Given. . Ca ind: 
Courses | ee LeawnyrMakratine Courses 
steered. ¥ corrected. 
E.N. E N.W. 13,,.W N.E.4E 
W.by S. N. W. by N. iT W.S. W 

WN. W. by N.| N. E. by N. i3 2W. |W.N. W.2W 
South. BE. $ 13 E. | S. by W.3 W. 
N.W. W.S.W 2 1 W. | N. W. bv N 

8. S..W. S.E 1; 13,W S.S.W 
E. by N. | N. by E 24 03 E. |S.E.byE. gE 
Vest. N.N. W 3 TSE, W.iN 


In hard blowing weather, with a contrary wind and a high sea, it 
1s impossible to gain any advantage by sailing; in such cases, there- . 
fore, the object is to avoid, as much as possible, being driven back, — 
With this intention it is usual to ly-to under no more sail than is 
sufficient to prevent the violent rolling which the Vessel would other- 
wise acquire, to the endangering the masts and rigging. When a 
Ship is brought-to, the tiller is put over to the leeward, which brings 
her head round to the wind. ‘The wind then having very little power 
on the sails, the Ship looses her way through the water, which ceasing 
to act upon the rudder, her head falls off from the wind, the sail 
which she has set fills, and gives her fresh way through the water; 
which, acting on the rudder, brings her head again to the wind. 
Thus, the Ship has a kind of vibratory motion, coming up to the 
wind, and falling off from it alternately. 

When a Ship is lying-to, observe the points on which she comes 
up and falls off, and take the middle point for the apparent course; 
from which allow the variation and leeway, and you will have the 
true course. For exampie, suppose a Ship lying-to under a main 
gail, with her starboard tacks aboard, comes up E. by S: and falls off 
N. E. by E., there being one point westerly variation, and she makes 
5 points leeway; what course does she make good? The middle 
point between E. by S, and N. E. by E. is E. by N., from which 
allowing 5 points to the Icft hand, because the starboard tacks are 
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aboard, gives the course, corrected for leeway, N. N. E.; from which 
allowing one point to the left hand, because the variation is westerly, 
will give the true course N. by E. 

In sailing along a Coast, in a tide or current, particular care 
should be taken to observe its setting, which, with the variation al- 
lowed, is to be entered in the Traverse Table as a course, and its 
drift as a distance; the same is to be observed for the heave or swell 
of the Sea. 

On leaving the land, the opposite point to its bearing from 
the Ship, with the variation allowed, and the estimated distance 
from it, are to be set down in the Traverse Table as a course and 
distance. 

The computation made from the several courses, corrected as 
above, and their corresponding distances, is called a Day’s Work; 
and the Ship’s Latitude and Longitude, as derived therefrom, is called 
her Latitude and Longitude by Account or DEap RECKONING. 

If the course and distance made good by a Ship, as estimated from 
the Compass and the Log, could be accurately ascertained, nothing 
more would be necessary in determining a Ship’s place at any time 
during her voyage; for the course and distance being known, the 
difference of Latitude and Longitude, and hence the Latitude and 
Longitude in, may be readily found by any of the methods shewn 
in the various Sailings; but on account of the many accidents that 
attend a Ship’s way, such as swelling of the Sea; different rates of 
sailing between the times of heaving the log; want of care at the 
helm; unknown currents; sudden squalls; improper allowances for 
variation and leeway, &c.; the Latitude of the Ship, as deduced from 
the reckoning, will frequently differ considerably from the Latitude by 
observation, and hence the difference of Longitude and Longitude in 
will be likewise erroneous. Now, as the Latitude by observation is 
always depended on, it remains therefore to correct the Ship’s Longi- 
tude by account. For this purpose, examine whether the log-line 
and half-minute glass be just, and if you find they are not, correct 
the distance by the rules in pages 63 and 64, and with the corrected 
distance and the course, find a new difference of Latitude and Depar- 
ture; then, if this difference of Latitude applied to the Latitude left 
gives a. Latitude nearly the same as by observation, the error may be 
considered as sufficiently corrected, and the difference of Longitude is 
to be found with this new Latitude or Departure. But if there still 
remains a considerable difference between the Latitudes by account 
and by observation, consider carefully if the leeway and variation have 
been properly allowed; whether the Ship’s motion may not have been 
affected by a current, or heave of the sea; and if so, make the best 
estimation you can for its setting and drift. 

If, after all proper allowances are made for errors in distance, currents, 
&c. the Latitude by account and observed Latitude should still disagree, 
it is then recommended by some Authors to correct further for sup- 


att eee 
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posed errors in the courses and distances. Thus, if the course be near 
the meridian, the error is supposed to arise from the distance, because 
the error in the course must be sensible to make any considerable 
error in the difference of Latitude; if the course be nearly east or 
west, then the error is supposed to result from the course, as an error 
in the distance must be very great to make a considerable one in the 
Latitude; but if the course be near 4 points, then the error in the 
Latitude is attributed partly to the course and partly to the distance. 
The rules founded upon these suppositions, it must be confessed, are, 
in general, little better than guess work: however, as they may be 
sometimes useful, we think it proper to introduce them here, with 
examples worked by Inspection. | 


RULES FOR CORRECTING THE DEAD RECKONING. 


CASE IL. 


When the Error ts supposed to arise from the Distance. 


Rue. With the course found by the difference of Latitude and 
Departure by account, and the meridional difference of Latitude 
between the observations, find the difference of Longitude. 


EXAMPLE. 


Yesterday at noon we were in Latitude 39° 18’ N., and by observa- 
tion this day at noon we are in Latitude 37° 48’ N., having made 
by our reckoning 107 miles of southing, and 64 of westing: required 
the true difference of Longitude. | 

The difference of Latitude 107 and Departure 64 give the course 
23 points; then with the same course and the meridional difference 
of Latitude between the two observations 115, the difference of Lon- 
gitude is found to be 69 miles. 7 


CASE Il. 
When the Error i8 supposed to arise from the Course. 


Rue. With the difference of Latitude and Departure by account 
find a distance; with this distance and the difference of Latitude by 
observation find a course; then with this course and the meridional 
difference of Latitude between the two observations find the true 
difference of Longitude. 

Or, with the distance by account and difference of Latitude by 
observation find a corresponding Departure; with which and the 
Co. Middle Latitude between the observations find the true differeuce 
of Longitude. 


EXAMPLE. 
Yesterday at noon we were in Latitude 38° 52’ N.; to-day et noon 
we are in Latitude 40° 18’ N., and by account we have made 68 miles 
Pp 
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of northing, 
Longitude. | 

With the difference of Latitude 68 and the Departure 212, the 
distance is found to be 223; the distance 223 and the difference of 
Latitude by observation 86, give the true course 67°; this course 
and the meridional difference of Latitude by observation 111, give the 
true difference of Longitude 261 miles. 

Or, the distance by account 223 and the difference of Latitude by 
observation 86 give the true Departure 205; the Co. Middle Latitude 
between the observations 50° 25’, and the Departure 205, give the 
correct difference of Longitude 266 miles. 


and 212 of westing: required the true difference of — 


CASE III. 
When the Error 1s supposed to arise both from the Course and Distance. 


Rute. With the différence of Latitude and Departure by account 
find a distance; with that distance and the difference of Latitude by 
observation find a corresponding Departure; which add to the De- 
parture by account, and take half their sum for the true Departure. 
With the true Departure and the difference of Latitude by observa- 
tion find the true course; with which and the meridional difference 
of Latitude by observation find the true difference of Longitude. + 


EXAMPLE... ~ 


Yesterday at noon we were in Latitude by observation 52° 40' N. 
and are this day at noon in Latitude 54° 22'N. having made by 
account 84 miles of northing and 76 of westing: required the true 
difference of Longitude. ! 

The difference of Latitude 84 and Departure 76 give the distance 
113; with this distance and the difference of Latitude by observation 
102, the corresponding Departure is 47.8, which added to 76, the 
Departure by account, is equal to 123.8, half of which is 61.9, the 
true Departure; then with the true Departure 61.9 and the difference 
of Latitude by observation 102, the true course is found to be 31°: 
this course and the meridional difference of Latitude between the two 
- observations 171, give the true difference of Longitude 103 miles, — 


To correct for several Days. 


Enter in a Traverse Table the difference of Latitude and Departure 
made good each day since last observation, including those for the 
day you correct. on; whence you will have the whole difference or 
Latitude and Departure since last observation, with which find the 
course since last observation, and correct accordingly by one of the 
preceding cases. oho . 

Notwithstanding the above corrections be applied with the greatest 
care to the Ship’s reckoning, it is frequently found, on making the 
land after a long voyage, that the Longitude by dead reckoning 
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differs several degrees from the truth; a good Navigator will there- 
fore lose no opportunity of ascertaining the Longitude by observa- 
tion; and when this is done, the account of Longitude is to be carried 
forward from the last observation in the same manner as that of the 
Latitude. A separate account is usually kept of the Longitude by 
dead reckoning and of that by observations. 


GENERAL RULES FOR WORKING A DAY’S WORK. 


1. Enter in a Traverse Table the several courses steered, corrected 
for variation and leeway; and opposite each course place the whole 
distance run as it appears by the log on summing up the knots and 
fathoms while the Ship is on that course. Find the difference of La- 
titude and Departure answering to each course and distance, and set 
them down in their respective columns; then the difference between 
the sums of the northings and southings will be the difference of 
Latitude made good, of the same name with the greater; and the 
difference between the sums of the eastings and westings will be the 
Departure made good, of the same name with the greater quantity. 

2. Seek in the Traverse Table until the above difference of Lati- 
tude and Departure are found together in their respective columns ; 
opposite to these will be the distance made good, and at the top or 
bottom of the page, according as the Departure is less or greater than 
the difference of Latitude, will be found the course. | 

3. If the Latitude from which the Ship’s Departure is taken, or 
yesterday’s Latitude, be of the same name with the difference of La- 
titude, add them together; if not, take their difference; the sum or 
remainder will be the present Latitude, of the same name with the 
greater. 

4, Find the complement of the Middle Latitude between yester- 
day’s and to-day’s Latitude, which take as a course in the Traverse 
Table, and seek for the Departure in its column; then will the dis- 
tance corresponding to these be the difference of Longitude, of the 
same name as the Departure. 

Or, seek for the course ade good, and for the meridional differ. 
ence of Latitude ina Lat. column; then will the corresponding De- 
parture give the difference of Longitude as before. 

5. If the Longitude of yesterday be of the same name with the 
ditference of Longitude, add them together; if not, take their differ- 
ence; the sum or remainder will be the Longitude in, of the same 
name with the greater. | 

6. To find the bearing and distance of the intended port, or any 
other place, from the Ship, find the complement of the Middle Lati- 
tude between the Ship and the proposed place; which seek in the 
Traverse Table as a course; in that page where it is found, look fer 
the difference of Longitude in a distance column, opposite to which 
will be the Departure in its proper column; with this Departure 
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and the differenee of Latitude, find the course or bearing, and the 
distance as before. 

Or, look for the meridional difference of Latitude and difference of 
Longitude, till they are found opposite each other in the Lat. and 
Dep. columns, and they will give the course; this course and the 
proper difference of Latitude in the Lat. column, will give the dis- 
tance in its proper column. 

If the magnetic course or bearing be required, the variation must 
be allowed on the true bearing; to the right-hand, if the variation 
be westerly, or to the left-hand, if easterly. 

There are various methods of keeping a Sea Journal, with regard 
to what deserves to be recorded, according to the sentiments of dif- 
ferent persons; some approve of a Journal including the Log Book, 
each day’s work at some length, and such occurrences as seem of 
most importance; while others prefer a short abstract of this long 
Journal, containing little more than the course and distance run, the . 
Latitude and Longitude in, and sometimes the bearing and distance 
fo the intended port, for each day. There are likewise forms pecu- 
liar to the particular service to which a Ship belongs, as in the 
Royal Navy and East India Service. These forms will be shewn 
hereafter. 

We shall now proceed to exemplify the above Rules; first by a 
few examples of separate Days’ Works, and afterwards in a Journal 
from London to Madeira, kept in the form generally used in Mer- 
chant Ships, and containing most of the occurrences that happen to 
a Ship in a common voyage. 


Norte, In the following Days’ Works and Journal, which are 
worked by Inspection. the log is supposed to be hove every hour 
and the knot divided into eight fathoms of six feet each. 
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EXAMPLE I. 


Yesterday, at noon, we were, by observation, in latitude 19° N., and in longitusts 
23° 4’ W.; and have sailed till noon this day, as per log; the variation of the Compass 
being 1 point west: required the course and distance made good, and the present lati- 
tude and longitude of the Ship. 


Lee-| 


Remarks. 


‘si way. 
5 S.W.iW. | N.E. Moderate and clear. 
5 
5 
5 
5 
a 
4 | 6 Barer * a: - Cloudy. 
4 
4 
10 | 4 
fe) 37h 4 
121/34 
ri4 N.W E.N.E 
214 
Sahose}, 2 
4| 3 eer 
5; 316 Ss. W. - - - Set the fore-top-mast steering-sail, 
6/5} 2 
a Sil id An increasing breeze and fair. 
816 
TTY 
10 | 3 
Iis| 7 
124.7 


a 


W.| Lat. left - 19° of N. - Mer. Parts 1e61 


Courses. |Dist) N. 


2c in eres pete geal Gemma sepeepes eo BYE ARCS eee Bay 
atid 42.5] 134.9 
- by W.| 14 |7.8 11.6) Dat.in - 17 38 N. - Mer. Parts rors 
3. We byS. | 9 7+5 5°] Sum of lats. 36 38 —_ 
S.byW. | 47 | [40-2] | 8-0 Middle lat. | 18 i9 Mer. diff. lat. 86 
7.8 190.2|Dep|59.5 9 
iS 


aoe Co. mid. lat. 71 41 
Diff. lat./82.4 


The first course steered by Compass, viz. S. W.iW., being corrected for 1 point west 
variation, makes the true course S.W.iS.; and the knots and fathoms, summed up to 
midnight, give the distance run upon the first course, 55 miles: in the same nranner the 
other courses are to be corrected, and, with their corresponding distances, are te be set 
down in a Traverse Table, as above. No leeway is allowed on the courses in this day’s 
work, because the Ship is going large. 

The whole difference of latitude 82.4, and the departure 59.5, give the course made 
good S. 36° W., and the distance 102 miles. 

The co. middle lat. 71° 41’ as a course, and the departure 59.5 in a dep. column, give 
the diff. of longitude 62’ in a dist. column, by Middle Latitude Sailing. 

Or, the course 36°, and mer. diff. of latitude 86’ in a lat. column, give the diff. of lon- 
, gitude 62’ in a dep. column, by Mercator’s Sailing. 

The difference of longitude 62 miles, or 1° 2’ W., added to the longitude of yester: 
pat 4’ W., because they are both of the same name, gives the longitude in to-day 
Quah, ° 
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EXAMPLE II 


Yesterday, at noon, we were in latitude 3<° 2’ N., and longitude 17° 45 W.; at 9 
e’clock, P. M_ the Sun was observed to set W. 43° N. by Compass, his declination being 
at that time 18° 56’ N.; and we have sailed this day till noon, as per log, in a current 
setting S. W. 1 mile per hour all day: required the course and distance made good, and 
our present latitude and longitude. 


F, Courseés. Remarks. 


"| N.E. by N. B.S. E.. Moderate breezes. 


7 


The Sun set W. 43° N. 


ol ih 
OSG DI Hr HYP Hw] F 


Fresh gales. In 2d reef of the topsails. 


5 
5 
5 
5 
5 
J 
4 
4 
5 
5 
5 
5 
4 
4 
3 


N.E.byN.4E.) E. by 8. | 13 


BON YY YW WH bd. 


Before the courses can be corrected, the variation of the Compass must be found by the 
amplitude taken at Sun-set. Now the Ship’s course fiom noon to 7 o’clock is N. E. by N., 
and the distance run 36 miles: but aliowing the variation at last observation to be about 
1% point westerly, the corrected course will be N. by E.4E.; with which, and the dis- 
tance 36 miles, the diff. of latitude made good since noon is found to be 34’ N.: this, add- 
ed to the latitude at noon, 35° 2' N., gives the latitude in, at Sun-set, 35° 36’ N.; with 
which, and the declination 18° 56’ N., the true variation is found as follows, 


Latitude - 35° 36'N. - Secant 0.08986 


Declin, - 18 56 N. + Sine © 9.51117 Courses. |Dist] N. 


True amp. W. 23 31 N. - Sine 9.60103 
Mag. amp. W. 43. ON. 


Variation - 19 29 or 13 point West. 


The courses being corrected for variation and 
leeway, with their corresponding distances, toge- ‘ 
ther with the set and drift of the current, will be Diff, lat. 
as in the Traverse Table. 


On summing up the columns of the Traverse Table, it appears that the Ship has sailed 
due North: hence her distance made good is 73 miles, the same as the difference of lati- 
tude; and her longitude is the same as yesterday. 

The difterence of latitude 73 niles, or 1° 13’ N., added to the latitude left, 35° 2 Ny 
gives the latitude in, 36° 15’ N, 
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EXAMPLE III. 


_ Yesterday, at noon, we were in latitude 38° 20’ S., and longitude 10% 34’ E.; at 5 o’clock 
in the afterncon, the Sun’s bearing by Compass was observed to be N. 75° 10! W., his core 
rected altitude being at the same time 22° 15’, and declination 18° 47’ S.; and we have 
sailed till this day at noon, as per log: required the course and distance made good, the 
latitude and longitude in, and the course and distance to the Cape of Good Hope. 


: : Lee- 
* ~ 4 
Courses. Winds. way. Remarks. 
E S. E. N.N.E. The first and latter part of these 24 hours 
a moderate breeze and cloudy; the middle 
light airs and calms, attended with rain. 


| 


OH Ouro! 
i 
= | 


ND 


= 
= 
= 


OS Or Ori BO wp 


oS. 55. Variable. 
E. S. E. S. by W. 


Mi 


South. 4 | In 1st reefs of the topsails. 


I 
3 
3 
3 | 
4 
5 
5 
5 
5 
5 
4 
4 
5 
4 
4 


Supposing the variation of the Compass at last observation to have been about 2 points 
westerly, tlie Ship has sailed nearly due East from noon to 5 P. M.; consequently the Matitude 
at that time may be considered the same as at noon. Now, with the latitude 38° 20'S., the 
altitude 22° 15’, and the declination 18° 47’S., the true azimuth is found to be N. 96° s4’ W. 
which, compared with the magnetic azimuth N. 75° 10’ W., gives the variation 21° 44’ W. 


The several courses, corrected for variation to 
the nearest degree, and for leeway after 7 o’clock 
A. M., with their corresponding distances, wil: 
be as in the Traverse Table; but it is to be ob- 
served, that as the distance run from noon to 
6 P.M., and from at P. M. to 6 A. M., are on 
the same corrected course, this course, with the 
sum of the corresponding distances, are entered 
in the Traverse Table as a single course and dis- 
tance. 


en 


ra) 
on 


Diff. lat. 


By the Traverse Table, it appears that the Ship has sailed due East: hence her depar 
ture is equal to the distance run, and the latitude to-day is the same as that of yesterday. 
The difference of longitude is found by Parallel Sailing, as follows :— 

The co. latitude 51° 40’ as a course, and the departure 86.6 in a dep. column, give the 
diff. of longitude I10 in a distance column. 

The diff. of longitude 110, er 1° 50’ E. added to the longitude of yesterday 10° 34’ E., 
gives the longitude of the Ship to-day 12° 24' E. 


To find the Rearing and Distanze of the Cape of Good Hope. 
Lat. of C. of G. Hope 34° 24'S. - Mer. Parts 2200 Long. of C. of G. Hope 18° 32' E. 
Latitude of Ship - 38 20S. - Mer. Parts 2494 Longitude of Ship - 12 24E. 
Diff. of latitude - 3 56=236 Mer. diff. iat. 294 Diff. of longitude - 6 _8=363 


Hence the bearing of the Cape of Good Hope is N. 51° E., and the distance 378 miles. 
The course by Compass is therefore N. 73° E., or E,N. E.4E nearly. 


.? * a = io 
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EXAMPLE IV. 


Yesterday, at noon, we were in latitude 6° 38’ N., and longitude 26° ro’ W.; at 7 o’clock 
this morning we observed the distance of the Sun and Moon, which gave our longitude at 
that time 26° 58’ W.; and, by double altitudes, we were in latitude 7° 47’ N. at half past 
ro, A. M.: required the course and distance made good by the log,—the latitude and 
longitude at noon by déad reckoning, and the same by the observations. 


K.| F.| Courses. Winds. Lee- Remarks. 


way, 
~~ |N.W. byN.| N.E, A pleasant breeze with fair weather through 


out. 


- 


» 


te 


-. «, |N.E. by E. 


en ate 
Oo OONT AM BOYD HD HOO CONT OW DD D HB S 
> by Nn nN 


n 


Variation per azimuth 8° W. 


INDADUMUnUnUAbEUOUUNKA An 
pb 


The variation 8° W. being allowed to the left of N. W. by N., gives the correeted course 
N. 42° W.; and the knots and fathoms summed up, give the distance run by the log in 24 
hours, 128 miles: hence the difference of iatitude is 95.1, and the departure 85.6 miles. 


Latitude left - 6° 38’ N. Latitude left - 6° 38’N, 
Diff. of latitude 95’, or 1 35 N. Latitudein - 8 13 N. 
Latitude in by account 8 13 N. Bia Sf ee ro a 


Middle latitude 7 25 
_Com. of mid. lat. 82 35 
The com. of middle latitude 82° 35’, and the departure 85.6, give the difference of lon- 
gitude 86 miles, or 1° 26’; which, added to the longitude of yesterday, 26° 10' W., gives 
the longitude in, by account, 27° 36’ W.. 


To reduce the Observatwns to Noon, 


The course N. 42° W., and the distance rur from half past ro, A. M., till noon, viz. 9 
miles, give the diff. of latitude 7/N.; which added to the latitude by observation 7° 47’ N., 
tieir sum, 7° 54’, is tae latitude by observation reduced to noon. 

The course N. 42° W., and the distance run since 7 o’clock in the morning, 30 miles 
@:ve the departure made in that interval 20.1, and the diff. of latitude 22.3. . 


Lat. by observation at noon - 7° 54’ N. Lat. at noon - 7° 54’N. 
Dulf. of lat. from 7 A. M. tonoon —= 22 N., Lat.at7 A.M 7 32N 
Lat. by obs. at 7 A. M. oe. pARGIN Suey =. = 26 


I 
Middle latitude 7 43 

Com. of mid. lat. 82° 17 
_ The com. of middle latitude 2° 17’, and the departure 20.1, give the diff. of longitude 
‘made from 7 A. M. to noon, 20' W.; which added to 26° 58’ W., the longitude by the ob- P 
servation, their sum, 27° 13’ W., will be the long. by observation brougkt on to noon. 


JOURNAL OF A VOYAGE 


ENGLAND TO MADEIRA, 


IN THE SHIP 


BRITANNIA, 


ae 
J. W. N. Commanper, 
KEPT BY 
G. W. Mate 


1824, 


Days of Month. | Winds. | Remarks on board the Ship BRITANNIA, 1824,- 


Sunday, S. 8S. W. | Moderate and clear. At 6 A.M. the Pilot came on board. 
June 6 At 8 A. M. cast loose from the sheer hulk at Deptford, and 
| ‘S. W. |made sail down the river. At 2 P. M. anchored in Long 
Reach, and moored Ship with a cable each way. 
Monday, Hs “by S.|_ Fresh gales with showers. P. M. received on board the 
June 7. ‘heb and Boatswain’s stores. 


Tuesday, S.S.W.| Light airs and fine weather. At 6 A. M. unmoored an 
June 8, to hove short on the best bower. At noon weighed with a light 
N.N.W.jbreeze from the westward. At 3 P.M. came to with the best 
bower off Gravesend. 
We eae W.N.W. ; Moderate es se and fair. At day-light weighed and 
June g, jmade sail. At 1 P. M. anchored with the best bower at the 


nee in 9 ‘athake At 5 P. M. weighed and sailed throngh 
|the Queen’s Channel: At % past 8 P. M. came to with the 
jbest bower at the back of Margate Sand. 


‘ Thursday, |N. by E.j Moderate wind and cloudy with showers. At 6 A. M- 


June TO. | weighed and made sail. At 8 A. M. run through the Guil- 
| N. 


Stream, and came to an anchor in the Downs in 7 fathoms, 


about 1 mile off shore, Deal Castle bearing W. N. W., the 
South Foreland 8. W., and the North Foreland N. N. E. 
'P. M. the Pilot left the Ship. 
Friday, N.N. E,| A pleasant breeze with fair weather throughout. A, M. 
June 11. _jemployed filling up the water, stowing the booms and boats, 


jane getting all clear for Sea. At 10 AL M. weighed and made 
ee At noon the South Foreland lights bore ‘N. N. W., dis- 
tant about 4 miles. 

This log contains 12 hours, and ends at neon, to commence 


ie Sea log. 


og 
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Suip BRITANNIA from ENGLAND towards MADEIRA. 


H |K./ F.| Courses. Winds. mi Remarks, Saturday, June 12, 1824. 
1|1|2{W.S.W.dW, N.NLE. Light winds and clear. 
2 4 People employed variously under the Boat 
3 swain. 
4 Carpenter making a spare top-galiant yard. 
5 2 
6 4 
7 
8 4 
9 4] W.EN. ; 

ro 4 : - os . Dungeness light North, 


oe 


Beachy Head W.N. W 


Swoon 
‘ 
’ 
‘ 
‘ 
' 


- - - - In i reef of the topsails. 


is) 


W.N.W.3W.| NE. - Brisk gales, 


12 4 - - . - - Bembridge Pomt N. N. W.3W. 

Diit. Lat. | Lat. | Diff. | Long. | Long. Bearing and! 
Course. | Dist D : q : 

lat. acc. | ovs. | long. | acc. | obs. | Distance at neon. 


F.}| Courses. Winds. = Remarks, Sunday, June 13, 1824. 
| WNW. IN.E. byN. Fresh breezes and tair throughout. 


At § past 1 abreast of St. Catherine’s Point 
off shore about 3 miles. 


- - St. Aldan’s Head N. W. 7 W. 


- | - | Postland lights N N.W 


- - Two strange sail in sight on the weathe) 
bow 


At noon mustered the Ship’s company. 
Dith, |Long.|Long.|  Bearing,and 
Distance at noon 


AN ARDRAUMUUWUM AAAD Os ~2 20 00 00| aA 


4 : 
aR OW CO~ Ctr FOOD DH 


Lat. | Ate 
acc. | obs.. | long. | acc. | obs. 


Course. 


Z wes ‘i in ie 5 ¥ 
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‘Sure BRITANNIA from ENGLAND towards MADEIRA. 


H. |K.| F.| Courses. Winds. ar Remarks, Monday, June 14, 1824. 
ieee W.byN. | E.N.E. A brisk wind and clear. 
214514 ; 
3.|. 6 
416 
aT os | 4 
6/4 EEA Die - At 6 P. M. the Lizard bore N &£. by N. 
414 distant 3 leagues; from which I rate ny! 
813/14 departure. 
9|3]6 
oO | 3 
1 PG - pe. N. by W 
1213 |6 
114 
214/4)8.W.4W. 
a5 
415 }, A. M. stowed the anchors, unbent the 
515 ° éables, and coiled them down in the tier. 
6/414 . 
71416 5 
8} 5 ; 
oh oe 
10 | 6 At noon sounded. Ground 76 fathoms ;} 
Ine sand, shells, and hakes’s teeth. 
Im] 5 | 2 Variation 24 points West. 
: Diff, Lat. |. Lat. | Diff. | Long. | Long. Bearing and 
pera 5 Dist lat: | Dep acc, }.obs. | long. | acc. obs. | Distance at noon, 
fe) 6 49 48° 53 76 | 6° 27° 
8.379 W.| 81 = 9 5 W. 


As the Lizard is the last point of land in sight, the Ship’s de eat is taken from 
thence, supposing it to be in latitude 49° 58 N N. and longitude 5° 11’ W.; now, as the 


bearing of the Lizard from the Ship was N. E. by N., the bearing of the Ship from the — 
Lizard was S. W. by S.; but as this is the bearing by Compass, the variation 2k points W, 
is to be allowed to the left-hand, which will give the true bearing S. 3 W.; this is to be 

. entered in the Traverse Table as a course, and 3 leagues or 9 miles, the supposed dis. . 
tance of the Lizard from the Ship, as a distance run. ‘The courses, corrected for va- 
riation, anc the distance run by the log, after 6 P. M., are also to be set down in the 
Traverse Table, as follows. 


" i The diff. of lat. 64.7 S. and departure 49.1 W.” 
Courses. |Dist/ N. | S. La} Se the course made good from the £¥ 
SE EG ae 8.9 S. 37° W., and the distance 81 miles. 
| 25 Be Lat, of the Lizard - - 449? 584N. 
A49°7 Diff. of lat.65m.or - - «1 §585,. 
Diff. lat.|64.7;De eet 
: na 49.1 Latitudein - - = 48 53 N. 
Sum of latitudes - a) DOR nad 
Middle latitude - - 49 25 
Comp. of mid. latitude - 40 35 
The comp. of mid. lat. 40° 35’ as a course, and the departure 49.1 in a. departure 
column, give the diff. of longitude in a distance column 76 miles, or - - 1° 10’ W. 
Longitude of the Lizard - - 5 It W. 
Longitude in - - - 6 27 W. 


The course, and distance made good, the whole diff.-of lat. and departuic; he, lat. and 
tong. in by account, &c. are now to be set down in their respective columns, as above. 


. 
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| Suip BRITANNIA from ENGLAND towards MADBSIRA. 
Lee- 
way. 


Ese | K.[F.} Courses. Winds. Remarks, Tuesday, June 15, 1824, 


r}sia} SW. | N. by W. A moderate breeze with fair weather for 
the most part. 


4 N.W. byN. 
W. byS. otis % 
6 - oie In 1st reef of the topsails. 


3 . = Gis - Tacked Ship. 
N. W. by W.)S.W. by W.} 1 


SS es 
Oo COMI OM POND HYD HH OW CN ON HD YD 


Out reefs of the topsails. 


& ; : , * Tacked, . 
4| S byE. - . $ 
4 
= - - Tacked. 


West. S.S.W. | 4 Spoke a Brig, bound to Newfoundland. 


MmntmninrntahpPHhRhEWY NW HHIHOWHPHPHBAUue 


Variation 24 points West. 
Lat. | Lat. | Diff. | Long. | Long. Bearing and 
acc. | obs. | long. | acc. | obs. | Distance at noon 


Diff. 


Course. | Dist. ar 


oe aes 47 42 | 48° 6 64.1499 ar" Cape Finisterre 
eye aha cae Dede fae eae Oe lB. 13) W., 319m. 


The courses corrected for variation and leeway, with their corresponding distances, 
will be as in the foliowing Traverse Table. 


With the diff. of latitude 47.4 S. and the dep. 


Courses. |Dist| N. | S. | E. | W. 42.3 W., the course is found to be S. 42° W., 


8. by W.2W, RAM lake Gl 1 “g, z| and the distance 64 miles. | 
L 
W.N-Weti) a | pil {| EBS] Yesterday's latitude - 48° 53° N. 
| S.E.ES. | 19 14.1|12.8 Diff. of latitude - = 47 S. 
: 

As enackaa9 Phat See eed Latitnde in a a A Se 

7-1154.5|12.8|55.1 Sum of latitudes - - 96 59 

Ral 12.8 Middle latitude - - 48 29 


ad Cc . of mid. latitud - 
Dit tat ar ateolaacd omp. of mid. latitude 41 a 


With the comp. of mid. latitude 41° 31’, and departure 42.3, the diff. of longitude is 
found to be 64 miles, or - - - pPle At We . 


Yesterday’s longitude - 65.27 W. 


Longitude in - is 7 31 Wz 
y aye 
To fine the Bearing and Distance of Cape Finisterre. 


Latitude of Ship = 48°:-« 6’ N. - Mer. Parts 3301 Longitude of Ship 7° 31’ W. 
Lat. of C. Finisterre 42 56 N. - Mer. Parts 2858 Long. of C, Finisterre 9 17 W. 


Diff. of Latitude § x0O=310 Mer. diff.lat. 443 Diff. of Longitude 1 46—106 


The mer. diff. lat. 443, and diff. of long. 106, give the course S.1 34° W.; which course, 
and the proper diff, of latitude 310, give the distance 319 miles. 
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Suip BRITANNIA from ENGLAND towards MADEIRA. 
iLee- 
way 


PH. | K.] F. Courses. Winds. 


West. S.8.W. | ¢ | The first part a fresh breeze and cloudy; 
the middle and latter, less wind with a heay 


Remarks, Wednesday, June 16, 1824. 


i 


Variation 2 points West. 
| Dep. Lat. | Lat. | Ditt. |Long.|Long.| | Bearing and =) 
lat. ace. | obs. | long..| ace. | obs. | Distance at noon. 


I] 5 
215 
3/4] 6 swell from the 8S. W., for which I allow 12 
Ab4|4 miles, 
51414 y 
Gl 44% People employed pointing a new main-sail 
; 4 and drawing und knotting yarns. 
4+ 
9|4 
IO | 4 is 
oe MD a - =the t ow 
J2/316 
Cn oe We 
243 
oy 
4/3] 
aa W.S. W. South, I 
6] 2 
q a1 ; 
2 4 - = - - Pumped Ship at 14 inches water. 
g| 2 
Io} 2] 4 Lat. obs. by mer. alt. 47° 43' N. 
3 
3 


Course. | Dist. 
ar | 72 147° 45/147° 43'| 108 |9° 109! Cape Finisterre 
eee ey 75 Wet NO] NS) we Lowe South, 287m.” 


This day the swell setting from the S. W. is supposed to drive the Ship 12 miles to the 
N. E., which, corrected for variation, is N. N. E.; these are therefore set down as the last 
course and distance in the Traverse Table. : 


Courses. [Dist] N. | S. ; "| 72.5, the course is S. 74° W., and the distance 


Yesterday’s latitude - 48° 6 N, 
Diff. of latitude : - 20S." 


Latitude in ~ : - 47 45 N. 
Sum of latitudes - 95 $1 
Middle latitude - 9.2) ADRS 
Comp. of mid. latitude - 42 5 


Diff. lat.|20.6 Dep 72.8 


The comp. of mid. latitude 42° 5’, and the departure 72.5, give the difference of longi- 
- 1° 48’ W. aye 


tude 108 miles, or - . 
Yesterday’s longitude - 4. 31 W. 
Longitude in - - 9 19 W. 


To find the Bearing and Distance of Cape Finisterre. 


~ Latitude of Ship 47° 43'N. - Mer. Parts 3266 Longitude of Ship 9° 19 W. 
Lat. of C. Finisterre 42 56 N. - Mer. Parts 2853 Long. of C. Finisterre 9 317 We 


Diff. of latitude 4 47==257 Mer. diff.lat. 408  Diffioflongitude - 2 


Hence the course is due South, and the distance 237 miles. 
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Suiep BRITANNIA from ENGLAND towards MADEIRA. 


Lee- 
way. 


West. S. S. W. I 


‘ Courses. Winds. 


| my 


Remarks, Thursday, June 17, 1824. 


Mostly fresh breezes throughout, with clou 
dy weather, and rain at times. 
In ist reef of the topsails. 


Nb 


as 


K. 
3 
3 
3 
3 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
7 
7 


Tacked ship 


Sic) 
2 
3 
4 
5 
6 
7 
8 
9 


At 12 the foot rope of the mizen topsai 
gave way; unbent it, and bent another 


a 


np 


Lat. obs. by double alts. 46° 3° N. 


ND 


Variation 2 points West. 
Lat, | Lat. | Diff. | Long. | Long. Bearing and 
acc. | obs. | long. | acc. | obs. | Distance at noon. 
12 (46% a7'| 46° 30} 178 1g? Cape Finisterre, 
te PONS) NV | be Pee S. 2 W., 187m. 


Dit. me 


Course. | Dist. | | 
iat. 


Dep. 


S. 7° E. 


Courses. (Dist) N. | S, The diff. of latitude 91.5, and dep. Ir.9, give 
W. by S. }. 71.<| the course S. 7° E, and the distance 92 miles. 
S.E. LE. 
pee j Yesterday’s lat. by obs. os Ay? 4gtli 
sehaniaet 2 5 oka Diff. of lat. gam.or .- + 4 32S, 


S. by E. 54.Q|10.9 
Diff. lat.jg1.5|36.4|24.5| Lat.in by acconnt - - 46 11 N. 
24.5 


Dep|ir.9 


The latitude by account differing considerably from the latitude by observation, and as 
the course is near the meridian, I conclude that the error in the reckoning arises from the 
distance, and therefore find the difference of longitude by Case I., page 289. 


Yest. lat. by obs: 479 43’N. Mer. Pts. 2266 ‘The course 7°, and the mer. diff. lat. by 
Lat. to-day by obs. 46 3 .N. Mer. Pts. 3120 obs. 146, give the diff. of long. 0° 18/ E. 
—— Long. yesterday . 9 19 W. 

Mer. diff. lat. by observation - 146 —— 
‘ Longitude in - 9 1 W. 


To find tne Bearing and Distance of Cape Finisterre. 


Latitude of Ship 46° 3’N. - Mer. Parts 3120 Longitude of Ship eee 
Lat. of C. Finisterre 42 56 N. - Mer. Parts 2858 Long. of C, Finisterre 9 17 W 


ooo 


Diff, of latitude 3 7==187 Mer. diff.lat. 262 Diff. of longitude - o 16 


_ Hence the true course is about 8. 4 W., or the magnetic course S S.W.4W, and the 
distance 137 miles. 
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Snip BRITANNIA from ENGLAND towards MADEIRA. 
Lee- 


H. |K.|F.] Courses. Winds. |. ia Remarks, Friday, June 18, 1824. 
£ | 6 S.by W. | W. byS. Fresh breezes throughout, with fair weather} 
217 and smooth water. ; 
CMY: People employed under the Boatswain.—} 
416) 6 Carpenter making a top-mast studding-sail} 
5 | 6 boom. 
6 | 6 S.by E. |S.W. by W. Sailmaker making a quarter-deck awning, | 
7 | 6 | ; 
8 | 6 
9g | 6 
10 | 6 - - Tacked. 
616 West. 
7 
7 
7 
7|4 
8 
8 
8 
8 - Passed by a Ship under American colours} 
8 standing to the Eastward. 
Tika 
714 Lat. obs. by mer. alt. 44° 19’ N. 
, Variation 2 points West. 


Celdeda. \t Dist, Diff. Dep. Lat. | Diff. | Long. | Long. Bearing and 


lat. ace. | obs. | long. | acc. | obs. | Distance at noon, | 
. O 104 | 67.9 |44° 2644° 19'| 96 |10° 37’ Cape Finisterre, § 
S.33°W.) 124 | og. We N. No’ W ‘S.E.by 8, rorm. 


The diff. of lat. 97.1, and the dep. 73.0, give 


the course S. 37° W., and distance 122 miles, 

Yesterday’s lat. byobs. - 46° 3/N. 

Diff. of lat. 97m. or - - jag a 
9A 39.8 96-1) Latitude in by arc. - = 44 260 Ne 


Diff. lat.}97 .1|23.1/96-1| Yesterday’s lat. by obs. 46° 3/N. Mer. Pts. 3120 
23-1) Latitude in by obs. - 44 19 N. Mer. Pts. 2972 


Depi73-° Diff. lat. by obs. 104== 1 44 Mer. diff. lat. 148 


The latitude by observation not agreeing with the latitude by account, I correct the 
dead reckoning by Case III., page 290; because, the course being near 4 points, it is pre- 
sumed that the course and distance are both erroneous. a 

The distance by account 122, and the diff. of lat. by observation 104, give in a depar- 
ture column 62.8; which added to’ the departure by account 73, half their sum 67.9 is 
the true departure. 

The departure 67.9, and diff. of latitude by obs. 104, give the true course S. 33° W., 
and distance 124 miles. The course 33°, and the mer. diff. of latitude between the ob- 
servations 148, give the true diff. of longitude 96 miles, or 19 36’ W. 

Longitude yesterday - - 9 TW. 


Longitude in =—- - - 3 ane yh 


To fad the Bearing and Distance of Cape Finisterre. 
Latitude of Ship 44° 19'N. - Mer. Parts 2972 Longitude of Ship —- 10° 39’ W. 
Lat. of C. Finisterre 42 56 N. - Mer. Parts 2358 Long, of C. Finisterre g 17 W. 


Diff. of latitude I 2383 Mer. diff. lat. 114 Diff. of longitude: - 1 20=86 


Hence the bearing of Cape Finisterre is 8. E. by S., or S. by E. by compass, and the 
distance 101 miles. 
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SHIP BRITANNIA from ENGLAND towards MADEIRA. 


F.| Courses. Winds. a. Remarks, Saturday, June 1g, 1824. 
6 W. by’S. S. by W. Strong breezes, with rain, attended with 
2 hard squalls, thunder, and lightning. 
In ist reef of the topsails. 
- - - - - | ‘Packed. 
S.E. by S. |S. W. byS.| 1 Squally. In top-gallant sails, 
- - - In 2d reef of the top-sails. 
- - - - - - Down top-gallant yards. 
S. S. E. S. W. I 
a na mi) - Hard squalls. Handed the main-sail and 
6 mizen top-sail. 


. - - - - Close reefed, and handed the fore and maim 
{3h S. by E. 5 jtop-sails, and brought the Ship to under a fore 
off SE. by E sail, mizen, and main stay-sail. 
up W. dyS.| Variable. | - Wore Ship. 
{ otf NWb.W 5 
W. byN. |S. W. byS.| 14 


At day-light more moderate. Set the top4 
sails double reefed, and the main-sail. Up} 
top-gallant yards. 

Fair weather. Out all reefs of the top-sails,} 


West, S.8.W. | 14 
Set the top-gallant sails. 


es - me Hs 
© OM OU BO DH BH OO oN ON Rw DH 


nan 


jc & ec BeRiyGer «3 1 636s LR a orerocer Aro] va 


Variation 2 points West. 
Diff. | Long. | Long. Bearing ayc 


Course. | Dist lat. Dep. ace. | obs. | long. | acc. | obs. | Distance at noon. | 
ee ay 29 29 43° 50 4o {11° 17’ Cape Finisterre, 
Ss. W. ap _S. Ww. No Wa _IS. E. by E. 7E. 1o2m. 


It appears by the log of this day, that the Ship has been lying-to from midnight to 4 in 
the morning; therefore the middle points between those the Ship comes up to-and falls 
off to, corrected for variation and leeway, as directed in page 287. together with the drift, 
which is here assumed at 1 knot per hour, are inserted in the ‘l'raverse Table as the fourth 


and fifth course and distance. 


pul aril ial as uel]. ne dill.. of itt.9n09. ang epe 29.2, give the 
Courses. |Dist| N. | S. | E. | W- | course $. 454° W., and distance 41 miles. 


S.W. by W.| 29 16.1 24.1] Yesterday’s lat. 44° 19'N. Mer. Pts. 2972 
E.S.E. | 14 §-4|12.9 Dit. fat, Te ag S. 
S. E. by E. | 15 8.3]12.5 
.N. EL 210.8 1.8 Latitudein - 43 50N. Mer. Pts, 2932 
N. W. a1 I.4 1.4] Sum of latitudes’ 88 9 es 
W.EN, 10 }| 1.0 10.0] Mid. latitude - 44 4 Mer. diff. lat. 40 


W.é8S, 21 j 2.1 20.9) Co. mid. latitude 45 56 


3.2/31.9|27.2156.4, The comp. of mid. lat. 45° 56 and dep. 29.%, 
x j 27 aA or the course 454°, and the mer. diff. of lat. 40, 
give the diff. of long. : 0° 40° W. 


Diff lat.|28.7|Dep|29.2] ~ Yesterday’s longitude - 10 37 W. 


Longitude in - - Ir 17 W 


To find the Bearing and Distance of Cape Finisterre. 


_ Latitude of Ship 43° 50’N. - Mer. Parts 2932 = Longitude of Ship 119 17 W. 
Lat. of C. Finisterre 42 56 N. - Mer. Parts 2858 Long. of C. Finisterre g 17 W. 


Diff. of latitude - 54 Mer. diff.Jat. 74 . Diff.oflongitude - 2 o=120 


_ Hence the true bearing of Cape! Finisterre is S. E. by E.LE, S.E.by $.4E. by compass 
aud the distance 102 miles. 
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SuHip BRITANNIA from ENGLAND towards MADEtR 7 


u. [K. F. Courses. Winds. tong Remarks, Sunday, June 20, 1824. 
1|4 West. S.S.W. | 14} Fair weather throughout. 
214 ; 
314 
4|4 
rn ; 
6/4)6| W.byS. |S. by W. | «x 
he 
8 | 5 
915 S.W. byW.| S.byE. | 4 
10 | 5 : 
II | 5 
12] 5 
1/5 
Rae) 
31,544 ; 
7 ne) Ss. W. %. E. by 8. 
5 5 ~ 
O15 
7\|414 
38 | 4 
9/4] 2 | At noon pumped Ship at 10 inches water. 
10 | 4 
Ir }4]| 4 | 
12 | 4 Variation per amplitude 21° West. 
; Diff. Lat. | Lat. | Diff. | Long. | Long. Bearing and 
Course. | Dist. lat. EDs acc. | ubs. | long. ace. | obs. Distance at noon. 
Oo 42, 44 142° 38’ 103 113° Oo! Porto Santo 
S. 46 W. es | Ss. 4 W. , 2 


N. | \_W. al S. 15 ° W., 596m. 


The variation, as observed by an amplitude, being 21° W., the courses are corrected 
to the nearest degree before they are inserted in the Traverse Table. 


The diff. of latitude 71.7, and dep. 73.6, give 


S. e course 8, 46° W., and distance 102 miles, 


Courses. [Dist] N.- 


E. | W.| 


8. 83° W. “20. 2.4 19.9 
8.69 W. | 15 5-4 14.0 
S.41 W. | 35 26.4 1,3).0 


S324 We | at} | 137-5 16.7 Latitude in - 42 38N. Mer. Parts 2832 


Diff. lat.|71.7;De 73.6 
7 PI Mer. diff. lat. 99 


Yesterday’s lat. 43° 50'N. Mer. Parts 2932 
Diff, of lat. 72, or - 14428. ce 


The course 46°, and the mer. diff. of latitude 99, give the difference of longitude 103 


miles, or - : : - 1° 43! 
Yesterday’s longitude - 11 17 Wz. 
Longitude in - : 13 0W. 


To find ihe Bearing and Distance of Porto Santo. 


Latitude of Ship 42° 38’N. - Mer. Parts 2833 Longitude of Ship 13° of W, 
Lat. of Porto Santo 33 3.N. - Mer. Parts 2103 Long. of Porto Santo 16 17 W. 


Diff. of latitude - 9 35-575 Mer.diff.lat. 730 Diff. of longitude - 3 17==197 


The mer. diff, lat. 730, and the diff. of long. 197, give the true course S. 15 ° W.; this 
course, and the proper diff. of lat. 575, give the distance 596 miles. The course to be 
steered is therefore 8. 36 ° W., or S.W.45. pr 


206 JOURNAL. \ 
4 


Sure BRITANNIA from ENGLAND towards MADEIRA. 


: Lee- 
Courses, | Winds. way. 
ad Ss. WwW S. E. - Variable light breezes and calms, with ho 
sultry weather. 

People and tradesmen employed variously 


Remarks, Monday, June aI, 1824. 


eo 
ms 


Variable. 


Leal 
Ow os one» | 


Len! 
Lea! 


Tried the current, and found it settin 
N.E. by N. at the rate of 4 a mile per hour. 
S.W. by S. |N.E. by E. 


La! 
Oo OM OM HP YP Fi DY 


Lat. obs. by mer. alt. 42° 3’ N. 


K. 
4 
4 
3 
g 
3 
2 
2 
3 
2 
2 
2, 

ae 
| 
I 
I 
2 
2 
3 
3 


Variation per azimuth 20° 19! W. 
Lat. | Diff. | Long. | Long. Bearing and 
obs. | long. | acc. | obs. | Distance at noon. 
42 61 42° 3'| x9 413° 19f Porto Santo, 
N, N. Ww. Ww. . S. 15° W., 558m, 


Course. 


By this ‘aay log it appears that the current set N. E. by N. by compass, which, cor- 
rected for var iation, is N. 13° E.; and the drift was at the rate of half a mile per ‘hour, 
making 12 miles in the 24 hours; these are therefore set down in the Traverse Table as a 
course rand distance. 


The diff. of lat. 31.8, and dep. 14.3, give the 
course S. 24° W., and distance 35 miles. 


o ‘ 
“ te aA “i cA: ee Yesterday's lat. 42° 38’ N. Mer, Parts 2833 
N.13 E. | 12 |rr.7 2.7 Diff. of latitude 32 &. 
It.7 43.5| 207 Qs 7107.0 of Latitude in. - 42 6N. Mer. Parts 27Y0 
at ' 1167 27 Sum of lats. - 84 44 oe 
% Middle Jat. - 42 22 Mer. diff. Jat. 43 


. iff, lat.|31. 31.8|Dep 14-3; Comp. mid. lat. 47 38 
The comp. of mid. lat. 47° 38’, and the departure 14. 35 OF the course 24°, and the mer. 


diff of lat. 43, give the diff. of longitude : o° 19' W. 
Yesterday’s longitude . 3 «(OO UW. 
Longitude in. . - 13. 19 W, 


To find the Bearing and Distance of Porto Santo. 
Latitude of Ship 42° 3’N. - Mer. Parts 2786 Longitude of Ship 13° 19 W 


' Lat. of Porto Santo 33.3 N. - Mer. Parts 2103 Long. of Porto Santo 16 17 W. 


aes Sims ——— es be 


Dill, of latitude - 9 O==540 Me .difflat. 683 Diff. of longitude - 2 58=178 
‘The mer. diff. of lat. 683, and diff. of longitude 178, give the true course S. 15° W.: 


_ this course, and the owe «iff, of lat. 540, give the distance 558 miles. .Hence the course 
_ by nee is S. 35 x 


Min or S. W. by S. nearly. 


5 


\ 
s 
4 
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Suip BRITANNIA feomn ENGLAND towards MADEIRA. 


H. |K. |B, Courses. Winds. 2 i Remarks, Tuesday, June 22, 1824. 
rh4 S.S.W. iW.) E. by N. An increasing breeze throughout, with fai 
21414 : weather and smooth water. Employed as 
e715 yesterday. 

415 

S75 

645]2 

71516 m0 Tike Variable. 
8 | 6 

9 | 6 

101614 : . S. E, 

Il | 7 

1247 
a oy ‘ 

2 |.7 
Be : 
418 S.W. by W.| S. by E. ee j 
Roa} 4 At 6h. 41m. A. M. observed the distairee 
617 é § between the Sun and ab which gives of 
Pair S. W. 8, S. E, longitude at noon I 3° 55° West of Greetiz 
: j 2 wich. ; 
fF 10} 8 ts Soh Lat. obs. by mer. alt. 39° 36’ N 

Tr); 7 |4 

re | 4 | Variation 13 point West. 


’ Diff. Lat. | Lat. | Diff. | Long. | Long. Bearing and 
Course. | Dist. lat. Dep, acc, obs. long. acc. obs. Distance at noon. 
a tee 5° ene mm 
° 146 as 39° 37 9° 3715 a8 f 36 59 14° 14° 387 13? 55/ Porto Santo, 
2 Perey, 8. ‘NS _W._|_w. | “w.. |s. by W.4W., 400m 


The courses being corrected for variation, with the corresponding distinées: will be as 


im the Traverse T able. 


The diff. of lat. 146.3, and departure 45.7, 


Courses. Dist) N. | 8. vive the course S. 17° W., and the distanee 153 


oui aw. |-88 37.0 Ta.gf mee at 
W.dS. | 22 0734 13.1! Yesterday’s lat. 42° 3’ N. Mer. Ps 2736 
18. Bie W 46 © 41.6 6 19.7| Diff. of lat. 146, or 2 26 S. nae a Sid 


Diff. lat. 146.3 Depl45-7] patitude in - 39 37 N. Mer, Pts. 2593 


‘Ses Sum of latitudes 81 40 — 
Gt Middle latitude 40 50 Mer. diff. lat. 193 
. . Comp. of mid. lat. 49 10 


_ The comp. of mid. latitude 49° 10’, and the departure 45.7, give the diff. of Ghettuda 
61 miles; or the course mt , and mer. diff. of weg 193, give the difference of ‘Tongie 


tude - - 59° W. 
Yesterday's Tongithde - . 3 19 W. 
_ Longitude in : - ae 14 18 W. 


To find the Bearing and Distance of Porto Santo. 


Latitude of Ship 39° 36'N. - Mer. Parts 2391 Longitude of Ship 13° 55’ W. 
Lat. of. Porto Santo 33 3 N. - Mer. Parts 2103 Long. of Porto Santo 16 17 WwW. 


mente 


Diff. of latitude - 6 33=393 Mer. diff. lat. 488 Diff. of ahaa tude ~ 2 22=0142 


Hence the bearing of Porto Santo is S. by W. 4 W., and the Rearahee 409 miles. The 
course therefore to be steered is 5S. W. 3 8. 
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Sutp BRITANNIA from ENGLAND towards MADEIRA. 


H.|K.]¥.| Courses. Winds. a Remarks, Wednesday, June 23, 1824. 
“r/7{14|.S.W. | S.S.E. | - | A fresh breeze throughout, with passing 
21716 squalls, and rain at times. 
318 
4|8 People and tradesmen employed as yester 
5 8 day. Gunner painting the Boats, 
8 
718 
8] 8 
918 
10/844 - - S. E. - In 1st reef of the topsalls. 
Zit) 84S 
12 | 8 
T1714 
Dirt 4 ais fe S. E. by §.]. 
3} 7 
4/17 
my 
618 
718 
8 : S.W. iW. | S. byE. Lat. obs. by mer. alt. 36° so’ N. 
- 
10 | 7 | 6 
Ir} 7|4 
1217 Variation per azimuth 18° 42’ W. 
. Diff. Lat. | Lat. | Diff. | Long. | Long. Bearing and, 
‘yaa i fede _lat. Dep- acc. | obs. | long. ace. | obs. | Distance at noon. 
@ 470 165 85 136° 51/1369 50'| 107 | 16° 5/|15° 42'| Porto Santo,- 
8.997 Wet t86 | igh Wut Noa WN. | We We we Le a Wiaeotee 


The courses corrected for variation to the nearest degree, with the corresponding dis- 
tances, will be as under. 


. The diff. of latitude 165.2, and the departure 
bane DEH Se tis Wedge Jo, give the course S. 27° W., and distance 
8. 26° W. | 148 133.0 64.9 186 miles, 
S.32 W. | 38 32.2 20.1] Yesterday’s lat. 39° 36° N. Mer. Pts. 2591 
Diff. lat. Ea Dep 5.3 Diff. of lat. 165, or 2 45 S. 


Courses. 


Latitudein - 36 51 N. Mer. Pts. 2381 
Sum of latitudes 76 27 

Mid. latitude - 38 13 Mer. diff. lat. 210 
Co. mid. latitude 51 47 


The comp. of mid. latitude 51° 47’, and the departure 85.0, give the diff. of longitude 
108 miles; 6r, the course 27°, and the mer. diff. of latitude 210, give the diff. of longi- 
tude 107 miles, ’ 


Yesterday’s long. by acc, 14° 18’ W. Yesterday’s long. by obs. 13° 55’ W. 
Diff. of long. 107 miles, ot I 47 W. Diff. of long. 107 miles, or I 47 W. 
Longitude in by account 16 5 W. Longitude in by observation 15 42 W. 


To find the Bearing and Distance ef Porto Santo. 


Latitude of Ship 369 5o’N, ~- Mer. Parts 2380 Longitude of Ship 15° 42’ W, 
Lat. of Porto Santo 33. 3 N. - Mer. Parts 2103 Long. of Porto Santo 16 17 W, 


Diff. of latitude 3 47==227 Mer. diff. lat..277 Diff. of longitude - 35 


Hence the true course to Porto Santo is $.7° W., er the magnetie course §.S.W. 4 W 


nearly, and the distance 229 miles, wy 


if 
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Sutp BRITANNIA from ENGLAND towards MADEIRA. 


H. |K.| F.| Courses. Winds. rail Remarks, Thursday, June 24, 1824, 
rata. 5S W. S. 8. E. First part a fresh breeze, middle and latte 
217 ‘more moderate, and smooth water. 

Set) 7 
4171 
51616 
6 | 6 
716 
81 5 
915 W.S. W. South. 7 
10] 5 
J tr] 5 - - - ~ 

1 14/6|8.E.byE. | S.byW. | 1 
1/4]6 
215 
31;414 
4 - At 3h. 16m. A. M. observed the distance 

: of the Moon’s remote limb from the Star 
614 S.E. byS. |S. W. byS. 2 a Pegasi, which gives our longitude at noon 
: g i 16° 23’ West of Greenwich. 
9/3| 6 i he - - | - | Tacked. 

10} 3] 32 West. S.S.W. | 14 |. Lat. obs. by mer. alt. 35° 46! N. 

Ir | 3 i na 

12 ie hl Variation 12 point West. 

; Diff. | i Las Diff. | Leng. | Long. Bearing and 

Courses: Dist at. | Dep CO | obs. long. ace. | obs. | Distance at noon. 


a 64) 5 135° 461359 46] 6) 1169 -12'116° 23’ Porto Santo 
8.4 W. | | s | wi ton. [oN. | we. | w. | w. | South, 163m. 


Ne courses corrected for variation and leeway, with their corresponding distances, will 
as under. 


Courses. {Dist} N. | S. W. The diff. of latitude 64.3, and dep. 5.0, give 
——|——|_-|___-|____|_| the course S. 4° W., and the distance 65 miles. 
S.S.W.iW.] 52 45.9 24.5 
S. W. by W.] 15 8.3 12.5} Yesterday’s lat. 36° so’ N. — Mer. Parts 2380 
E. 4S. 27 2..6|26.9 Diff. of lat.64, or 1 4 8. 
FE. S.E.38.],16 | * | 7.5|14.2 
West. 9 90 Latitude iw - 35 46N. Mer. Parts 2301 


; Pyne 3 Sum of lats. - 72 36 — 
Diff. lat.|64.3/41.0 46.0 Mid. latitude - 36 18 Mer. diff. lat. 79 


4T-°) Co, mid. latitude 53 42 
Dep| 5.0) 


The comp. of mid, latitude 53° 42’ and the departure 5+0, or Beery 4° and the 
°° 


mer. diff. of lat. 79, give the diff. of longitude - 
Yesterday’s longitude by account - LO ES SW 
Longitude in by account . - 16 11 W. 


To find the Bearing and Distance of Porto Santo. 


Latitude of Ship 35° 46’N. - Mer. Parts 2301 Longitude of Ship ~— 16° 23’ W. 
Lat. of Porto Santo 33 3N. - Mer. Parts 2103 Long. of Porto Santo 16 17 W. 


eo 


Diff. of latitude - 2 43=163 Mer.diff.lat. 193  Diff.oflongitude - 6 


Hence the true bearing is li nearly, and the distance 163 miles, ‘The course to be 
teered is therefore 8. by wit 


ere ty ah da . Cage Oe : 7 , ee i Migee eee we A Pee 7. a 
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Suip BRITANNIA from ENGLAND towards MADEIRA, ' 


H. | K.|/ F.j Courses. Winds, et Remarks, Friday, June 25, 1824. 
Be West. 8.8. W. | 1h] 
a13 An increasing breeze and fair. 
4 
; '4 16S. W. by W.| S. by E. | t | A.M. bent the best bower and sheet ca 
Sas ; bles, and unstowed the anchors. Peopl 
61 5 otherwise employed, reeving the Harbour- 
RAS | 4 Gier, and in sundry small jobs. 
8 | 6 South. East. 
9 | 6 
10 | 6 ¥ 
11 | 6 8. 8. E. 
12 | 6 
ri16/4 - - E. N. E. 
a2};6| 6 
3) 6 | 6 
| 447 
5 
ae : 
as | - - IN.E.byE. 
817 
9} 7 1.4 
to | 8 Lat. obs. by mer. alt. 33° 56’ N. 
Ir} 8 ~ oo N. E. 
1217 | 4 Variation 13 point West. 
mn Dift. Lat. | Lat. | Diff. | Long. | Long. Bearing and 
Courees 1 Deh lat. Dep- | ace, | obs. long. ace. | obs. | Distance at noon 


106 | 42 {34° 011339 564 52 [15° 20'115° 32) Porto Santo, 
EK. | N. N. E. Ww. WwW S. 35° W., 65m. 


fre tae fo dan lu |-. che diff. of lat. 105.6, and departure 4G 
Courses. |Dist) N.| S. | E. | W-| sive the courses. 2129 E., and the distance 113 


-. West. fio} Fi tio.op miles. | 
S.W.4W. | 20 2 5. : 
S. by B.2E, | 18 or pe gg: Oe Cie cite ce oe ee ae 
S.E. 38. | 98: 78.7162.2 Dif. of lat. 106',or 1 46S. 
Diff, Jat.|105.6/67.4|25.5| Latitudein - 34 ON. Mer. Pts. a17x 
25.5 Sum of latitudes 69 46 —_ 
— Middle latitude 34 53 Mer. diff. lat. 130 


Dep. |41.9 Co. mid. latitude 55 7 


The comp. of mid, latitude 55° 7’ and the departure 41.0, or the course 212° and the 
mer, diff. of lat. 130, give the diff. of longitude 51 miles, 


Yesterday’s long. by ace. 169 11° W. Yesterday’s long. by obs. — 16° 23! W. 
Diff. of longitude -— 51 E. Diff. of longitude ape 51 E, 
Loxgitude in by account’ 15 20 W. Longitude in by observation 15 32 W. 


To find the Bearing and Distance of Porto Santo, 


| Latitude of Ship 33° 56'N. - Mer. Parts 2167 Longitude of Shi 15? 32' W, 
Lat. of PortoSanto 33. 3 N, - Mer, Parts 2103 Long, of Porto Santo 16. 17 We 


Diff. of latitude - 53 Mer. diif, lat. 64 Diff. of longitude -. 45 
Hence the true bearing is 8. 35° W.; andthe distance 65 miles. The course to be 


steered is therefore S. 52° W., or 8S. W. 5 W. 
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Suip BRITANNIA from ENGLAND towards MADEIRA. 


K.| F.| Courses. Winds. ae Remarks, Saturday, June 26, 1824, 
1/7}2)S8.W.byS N. E. ; A pleasant breeze and fair‘throughout. 
5247 A. M. bent the small bower cable, and un 
3 4 4 stowed the anchor 
4 
5/514 |S8.W. by W.| E.N. E. 
[615 - = aly 2 se - | Saw the land beafing S. W. by 8S. 
: 2 : 2 
wero | sia East. - Porto Santo W. S. W. about § leagues. § 
“Tro At 1o P. M. brought-to. Main top-sail tof 
ar the mast. 
12 { - | Lying-to. 
I | 
a 
13 W.S.W. - - At day-light made sail. 
4 
ESS 
6 ieee - > Porto’Santo N. W. by N. Deserters 8. W. 
“t by S. East end of Madeira W. by S. 
8 At noon came to an anchor in Funcha 
9 W. byS. Roads, with the best bower, ins25 fathoms ; 
IO > Various. mud and sand; off shore 4 of a mile; Loo 
II . Castle bearing NLN. W., and Fort Lorenzo 
12 FN. ee 


acc. | obs. | long. | acc. | obs. | Distance at noon. 


Ce ee | HS | | | 


; i Diff. Lat. | Lat. | Diff. | Long. | Long. Bearing and 
j Course. | Dist. Dep. 5 


Bh 

__ The courses steered from noon to 9 P. M., and the bearing of Porto Santo from the 

_ Ship at that time, corrected for 14 point West variation; also the distances run, and the 
estimated distance of the Ship from the land, being entered in a Traverse — will give 
the diif. of latitude 55.4, and the departure 35. 9. 


From hence the latitude of Porto Santo, by the Ship’s reckoning, is found to be 
"33 1 N., aad the longitude, carried on from the last lunar observation, 16° 15° We; dif- 
ering 2 miles in latitude, and 2 miles in longitude, from its position, as laid ici in 
| TableXLi. 


The Ship's track, during the preceding Voyage, is laid down on the Mercator’s Chart, 
according to the latitude and longitude each day at noon, 
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FORM OF A NAVY LOG. : 313 


roa RE 7” oer “a a rs aye * “| INO. of Remarks and Occurrences 
Ht. iii F.| Courses. Wander Signals. Wednesday, October 14, 1824. 
1/3]6| S.S.w. [S.S.E.2E. Hazy with rain. ALM. | 
212] 6 
aot S.W. 
4}2]/- dahon, ag - Light breezes with rain. 
5;514| W.bys. | S.byW. | 
6;514] W.S.W. 
514] W.byS. 
$18 W.N.W. S. W. - Tacked to southward. 
Carpenter repairing the Jolly Boat. 
9 4 S.S. E. 
10 Calm. 
a is W.N.W. | Variable. - Unbent Spanker, and bent another, 
Hauled up Mainsail. 
12 4 West. At noon hazy weather 
_ Course. | Distance. } Latitude in. | Longitude in.[ Bearings and Distance. _ 
| S. 26° W. 57 83° 48 N. 2° 23' E. Lowestoft, S. 17° W., 72 miles. § 
be a W.N W. Ss. W. - Light airs and hazy weather. P.M. | 
At th. 3cm. saw 4 sail to windward. 
a/114 
3.1.3 West. S.S.W. 
4|2|]6| W.byS. | S.by W. - Sailmaker repairing Mainsail, 
5 |2|6|W.S.W.2W.; South. 
6] 2 W.S.W.ES.| - - - Tacked. 
ye ie - - - - - Hauled up the courses and hove to; 
lowered the Jolly Boat and boarded 
8] 1 Fisherman; at 7h. 30m. up Boat and made 
9/4 W. byS. 
Io | 3 | 6 - : - . - Thick foggy weather. 
mr}2]4 
p12;2)4 ant me . | Ditto at midnight. 


The above form is now used in the Navy, in consequence of the following order from 
the Admiralty. Admiralty, 11th October, 1805. 

Sir,—I have the commands of the Lords Commissioners of the Admiralty to send you 
herewith a Form of the Log-book which is intended in future to ‘be kept in all King’s 
Ships; and to signify their direction to you to cause the Log-book of the Ship under your 
command to be kept according to the said Form, observing that the ealendar or civil day 
~is to be made use of, beginning at midnight.—It is their Lordships’ furtner direction, that 
in future, you send a Log-book instead of a Journal to this Office and to the Navy Board 
as directed by the General Printed Instructions.-You will observe there will be no ne 
cessity for making any alteration in the manner of marking the Log-board; but when it i- 
copied into the book, the part beginning at midnight is to stand first in the page.—It i 
necessary to remark to you, that the private night Signal for each day of the month is te 
continue in force until day-light of the following day. 

1 am, Sir, your very humble servant, 

» commanding H. M. Ship . J. B. 
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Te Captain 
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old FORM OF AN EAST INDIA JOURNAL. 


Suip ESSEX from ENGLAND towards CEYLON. 
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Courses. K.| F. Winds, &c. 
S. W. 


Friday, August 12, 1803. 


8.8. E. I Moderate breezes and pleasan 
weather throughout. 
A. M. stay’d the masts and set up 
the main and main-top-mast rigging. 
Tradesmen variously employed. 


x 
se 
= 
AR AR Ad 


Latitude observed 2° o’ N. 


PP YP HWW HhDW HD NIN WWW&H&H Ww YD BOW W HD 2 | 


Dist. per log. ars | 12 Inches in the Well. 


Course and dist. 4 X § obs. 58 acc. 54 obs 2° ON. mde. {pm rey 
f S.50° W. tom. 1 Lat. acc. 46 pa chr. 82 | Lat.{ 3c. 2 12N. | Lon} in 21 Ase 20 12 W. | var. am. 10° W. 


Z Departure 44 { S. ofacc. 12 | W. of acc. 28 Barom, 29.5 4 Therm.78° 4 


K.| F. ay &e. ee Saturday, August 13, 1803. 
S.S.E. 4 | A steady breeze and fine weathe 
4 throughout. 
A. M. set up the mizen rigging. 
- Washed the gun-deck and exer 
% |cised great guns and small arms. 


Longitude per Sun and Moon at 
11 A, M., 22° 8! W. of Greenwich. 


Latitude observed 0° 56! N. 


A strong set to the westward, 


SS. W. Sid iepigita Or 
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NPPANAY 


ES SS 
j. | Dist. per log. {| 82m. | 10 Inches in the Well. 
Course anid dist ace. 68 ons. n° * N. 22° 9 W. pin. 
S. 47° W. 79m. Bae tneces 54 | ray 113 Lat.{ ote nN | este Eps 22 eo tchr 8 22 5 var. { Pi ioe W. 
~Depareire 58 S. of W. of acc. 55 Therm. 78° 


EXPLANATION OF SEA TERMS. 


ABACK. The situation of the sails when their surfaces are pressed aft 
against the masts by the force of the wind. 

” Abaft, or Aft. The hinder part of a Ship, or all those parts which lie to- 
wards the stern; used relatively, it signifies further aft, or nearer the stern. 

Aboard, or Inboard. The inside ofa Ship. 

About. The situation of a Ship as soon as she has tacked. 

About Ship! The order to the Ship’s crew to prepare for tacking. 

Abreast. Side by side. 

Adrift. The state of a Vessel broken loose from her moorings, and driv- 
ing about without controul. 

Afloat. Buoyed up by the water from the ground. 

A-lee. The position of the helm when it is put down to the lee side. 

Aloft. Up in the tops, or at the mast-heads, or anywhere in the higher 
Tigging. 

Aloof. At a distance. 

Apron. A square piece of sheet lead tied over the touch-hole of a cannon 
_to keep the water out. 

Athwart. Across; as, “‘ we discovered a fleet steering athwart us;” that 
is, steering across our way. 

Athwart hawse. The situation of a Ship or Vessel when driven by acci- 
dent across the fore part of another. — 

Avast! The order to stop or pause in any exercise or operation. 

Awning. A canopy of canvass extending over the decks of a Ship, or 
over a Boat, in hot weather, to protect the “officers and crew, and preserve 
the decks from the heat of the Sun. Also, part of the poop deck which is 
continued forward beyond the bulk head of the cuddy in East India Ships. 

Bale. 'To bale a boat is to throw the water out of her which has got in 
by means of a leak, the spray of the sea, or otherwise. 

Bare poles. When a Ship at Sea has no sails set, she is then said to be un- 
der bare poles. 

Ballast. A certain portion of stone, iron, gravel, or any such like mate- 
rials, deposited in a Ship’s hold, when she has no cargo on board, or not 
shificient to bring her low enough down in the water, so as to prevent her 
from upsetting. 

Barge. A Vessel or Boat of State: those employed in the Navy are for 
the use of the Admirals, Captains, and superior Officers. Also, the name of 
a flat-bottomed Vessel of burthen, used in loading or unloading Ships. 

Batten. “A long thin piece of w ‘ood. 

To batten down the hatches. 'To lay battens upon the tarpaulins which are 
over the hatches, in bad weather, and nail them down that they may not be 
washed or blown off. 

Beach, The sea shore, or margin of the sea. 
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Beacon. A post, or stake, erected over a shoal, or sand bank, as a warn- 
ming to seamen to keep at a distance. Also, a signal placed at the top of 
hills, &e. 

Beams. Strong thick pieces of timber, stretching across the ship from side 
_to side, to support the decks, and retain the sides at their proper distance. 

Bearing. 'The situation of one place from another, with regard to the 
points of the Compass. . The situation, also, of any distant objéct, estimated 
from some part of the Ship, according to her situation. 7 

To belay. To fasten any running rope; as, “ belay the main brace;” that 
is, make it fast. 

Bend. That part of ene rope which is fastened to another, or to an an- 
chor, &c. : 

To bend. To fasten one rope to another: to bend sails, is to extend and 
fasten them to the yards. 

Bight. The double part of a rope when it is folded, in contradistinction 
to the two ends. Also, a small inlet of the sea. 

Bilge. To break; as, “ the Ship is bilged;” that is, her planks are bro- 
ken in by violence. ; 

Bilge-water. Water which, by reason of the flatness of a Ship’s bottem, 
lies on her floor, and cannot go to the well of the pump. 

Binnacle. A wooden case or box, on the deck of a Ship, containing the 
Compasses by which the Vessel is steered. 

Birth. A place; as, “ the Ship’s birth;” that is, the place where she is 
moored. It also signifies the place where the Officers, or any of the Ship’s 
company, mess_or sleep in. 

To birth the Ship’s company. To allot to each mau the place where he is 
to mess and hang up his hammock. 

Bitis. Very large pieces of timber round which the cables are fastened, 
when the Ship is at anchor; there are also smaller bitts where the top-sail 
sheets are made fast to. | , 

Block: A piece of wood with a sheave or wheel in it, through which a . 
rope is put to add to the purchase. 

Biuff. Broad; as, “ the Ship is bluff bowed;” that is, has broad and 
flat bows. ) > 

Boatswain. The Officer who has the charge of all the cordage, rigging, 
anchors, &c. 4 

Bolt-rope. A rope to which the edges of a sail are sewed, in order to 
strengthen them; the side ropes are called leach ropes, that at the top the 
head rope, and that at the bottom the foot rope. 

Bonnet. An additional part made to lace on to the foot of the sails of 
small Vessels in light winds. 

Bowline. A rope fastened near the middle of the leach of a square sail, 
by three or four subordinate parts, called bridles, to keep the weather leach 
forward when the Ship is close-hauled to the wind. | 

7 ait a A large mast vr piece of timber which runs out from the bows 
cf a Ship. 

Boxhauling. A particular method of veering a Ship, when the swell of 
the sea renders tacking impracticable. 

Braces. Ropes by which the yards are turned about to form the sails to 
the wind. 

To brace to. To ease off the lee Lraces and haul in the weather ones, im 
order to assist the mation of the Ship’s head in tacking. 
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To brace up. To ease off the weather braces and haul up the lee ones. 

To bring by the lee. See to broach to. 

To broach to. 'To incline suddenly to windward of the Ship’s course so as 
to present her side to the wind, and endanger her oversetting. The differ- 
ence between broaching to and bringing by the lee, may be thus explained : 
Suppose a Ship under great sail is steering South, having the wind at 
N.N.W.; then West is the weather side, and the East the lee side. Now, 
if, by any accident, her head turns round te the westward, sc that her sails 
are all taken aback on the weather side, she is said to broach to; but if, on 
the contrary, her head declines so far eastward as to lay her sail aback on 
that side which was the lee side, it is termed bringing by the lee. 

Broken-backed. 'The state of a Ship so loosened in her frame, either by 
age, weakness, or accident, as to droop at each end. 

Bumkin. A short boom or beam of timber projecting from each bow, to 
extend the clue or lower corner of the foresail to windward. 

Buntlines. Ropes fastened to the foot ropes of square sails to draw them 
up to the middle of the yards, for the facility of furling. 

Buoy. A sort of close cask or block of wood, fastened by a rope, called 
the buoy rope, to the anchor, in order to point out its situation. 

Life-buoy. A machine thrown into the sea when a person fails overboard: 
it is generally made of cork, or plank, with a pole run through the middle; 
the lower end is loaded with lead, and on the upper is fixed a flag and bell; 
the flag to direct the people in the boat where to find him by day, the bell 
by night: it is generally made sufficiently buoyant fer a man to sit upright 
upon it. 

Cabin. A room or apartment in a Ship where any of the Officers usually 
reside. pe 

Cable. A large strong rope, of considerable length, to hold the Ship when 
at anchor. 

_ Caboose. The cook-room or kitchen in Merchantmen. 

Call. A silver pipeyor whistle, of a peculiar construction, used by the 
Boatswain and his Mates to summon the sailors to their duty, and direct 
them in the different employments of the Ship. 

Cap. A strong thick block of wood having two large holes through it, the 
one square, the other round; used to confine two masts together. 

Capsize. To upset, or turn over. 

Capstern. An instrument, in large Ships, by which the anchor is weighed 
out of the ground; used, at other times, when a very great purchase is re- 
quired. . - 

To carry away. To break; as, “ that Ship has carried away her bow- 
sprit;” that is, has broken it off. 

Cat-heads. Two strong beams of timber over the Ship’s bows, with sheaves 
im them, to which the anchor is hoisted after it has been hove up by the 
cable. 

Chain-plates. Plates of iron fastened to the Ship’s sides, to which the dead 
eyes are fixed. 

Channels, or Chain-wales. A place built on the sides of a Ship, projecting 
out, with notches cut in them, in order to receive the chain-plates, and to 
give the rigging a greater spread. 

' Chestrees. Two stout pieces of wood fastened to the Ship’s sides, with 
holes in the upper part, through which the main tack passes. 
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Clue of a sail. The lower corners of square-sails, but the aftermost only 
of stay-sails, the other lower corner being called the tack. 

Clue-lines. Ropes which come down from the yards to the lower corners 
of the sails, by which means the clues, or lower corners of the sails, are 
hauled up. 

Coat. A piece of tarred canvass nailed round the lower part of a mast, 
close to the deck, to keep the water from going down. 

Cockpit. The place where the wounded in battle are carried to be dressed. 

Companion. The passage from the quarter deck to the lower part of the 
Ship. 

Ponies or Cunning. The art of directing the Steersman to guide the 
Ship in the proper course. ” 

Cot. A particular sort of bed frame suspended from the beams of the Ship 
for the Otticers to sleep in. 

Crank. The quality of a Ship, which, for want. of a sufficient weight 

below, is rendered incapable vf carrying sail without being in danger of 
upsetting. 

Cuddy. In East India Ships, the foremost of the two apartments under 
the poop deck. , 

Davit. A long beam of timber used as a crane, whereby to hoist the flukes 
of the anchor to the top of the bow, without injuring the planks of the Ship’s 
sides as it ascends. There is also a davit of a smaller kind fixed to the long- 
boat, in order, if required, to weigh the anchor by the buoy-rope. 

Dead-cyes. Blocks of wood with three holes in each, but no sheaves, 
through which the lanvards of the shrouds are rove. . 

Dead-lights. Strong wooden ports made exactly to fit the cabin windows, 
in which they are fixed on the approach of a storm. 

| Dead-wind. A wind blowing from that point of the Compass to which it 
is wanted to steer the Ship. 
_ Dog-waich. The watches from four to six, and from six to eight in the 
evening. i : 

To douce. To lower or haul down; as, “ Douce the top-gallant sails ;’ 
that is, lower them down. 

Down-haul, A. rope by which any fore and aft sail is hauled down. 

To drive. To be carried at random by the force of the wind or tide, whet 
the Ship’s anchor does not hold in the ground. 

Dunnage. A quantity of loose wood laid at the bottom of a Ship to keer 
the cargo from being damaged in case of leaks.. : 

Earings. Swall ropes employed to fasten the upper corners of sails to the 
yards. 

Elbow in the hawse. This expression is used when a Ship, being moored 
in a tide way, turns twice the wrong way, thereby causing the cables to take 
half a round turn on each other. 

End for end. Applied to a rope that has entirely passed out of the block 
through which it was reeved. 

Ensign. The flag worn at the stern of a Ship to denote what nation she 
belongs to. | 

Fag-end. The end of any rope which is become untwisted by frequent 
use; to prevent which, the ends of ropes are wound round with pieces of 
twine, whieh operation is called whipping. 

Fake. One of the circles or windings of a cable or hawser as it les dis- 


posed in a coil. 
N 
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Fall. That part of a tackle on which the sah pull, 

To fall off. To fall to leeward. 

Fathom. A measure of six feet. 

Fid. A square bar of wood or iron with a shoulder at one end, used to 
support the weight of the top-mast when erected at the head of the lower 
one. It means also a pin of hard wood tapering at one end, used to open 
the strands of a rope when splicing. 

To fish the anchor. To draw up the flukes of the anchor towards the top 
of the bows after it has been catted. 

Flag. A certain banner by which an Admiral is distinguished at sea from 
the inferior Ships of his squadron; also, the colours by which one nation is 
distinguished from auother. 

Fore-and-Aft. Throughout the whole Ship’s length. Lengthways of the 
Ship. 

Foreeastle. A short. deck placed in the fore part of the Ship, above the 
upper deck. 

Foul. A term generally used in opposition to clear, and implies, entan- 
gled, embarrassed, or contrary to; as, “ A Ship ran foul of us;” that is, en- 
tangled herself about our rigging. 

Foul anchor. The state of the anchor when the cable is twisted round the 
stock or flukes. 

To founder. To sink at sea by filling with water. 

To freshen the hawse. To veer out, or heave in, a little of the cable, in or- 
der to let another part of it endure the stress at the hawse-holes. It is also 
applied to the act of renewing the service round the cables at the hawse- 
holes. 

To furl. To wrap er roll a sail close up te the yard or stay to which it 
belongs, and, winding a cord round it, to keep it fast. 

Gange-war y. ‘That part of a Ship’s side, both within and without, by whice. 
persons enter and depart. 

Garboard streak. 'The first range or streak of planks laid in a Ship’ s bot- 
tom next the keel. 

Gasket. A sort of plaited cord passed round the sail to keep it firm when 
it is furled. 

Grapnell. A sort of small anchor with four or five flukes and no stock, 
commonly used to fasten Boats, or other small, vessels. 

Gratings. A sort of open cover for the hatches, resembling lattice work ; 
serving to give light to the lower apartments, and to permit a circulation of 
air. 

Ground tackles. A general name given to all ropes and furniture belong- 
ing to the anchor. 

Ground tier. The tier of any thing that is lowest in the hold. 

Gunnel, or Gunwale. The upper edge of a Ship’s side. 

Gun-room. A-division in the aftermost part of the lower deck, for the use 
of the Gunner and his stores. 

Guy. A rope used to keep steady any weighty body while it is bowting or 


lowering. 


Halliards. Ropes by which any sail is hoisted or lowered. 

Handing. The same as furling. 

Havwse-holes. Certain holes cut through the Ship’s bows on each side the 
stem, through which the cables pass. 

Hawser. A kind of small cable ee on various occasions, 
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~ To heave. To turn about the capstern, or other machine of the like kind, 
by: means of bars, handspikes, &c. 

To heave short. 'To draw so much of the cable into the Ship, as that she 
will be almost perpendicular over her anchor. 

. To heave-to. To stop the Ship’s course when she is advancing, by arran- 
ging the sails. in such a manner that they shall counteract each other, and 
prevent her from either advancing or retreating ; it is geneenlly stone by 
backing the fore or main top-sail. —See Lying-to. 

Heave of the sea. The power that the swell of the sea has upon a Ship in 
driving her out, or faster on, in her course, and for which allowance is made 
in the day’s work. 

Helm. The instrument by which a Ship is steered: it includes the rudder, 
the wheel, and the tiller. 

To hoist. To draw up any body by the assistance of one or more tackles. 
Pulling by means of a single block is never termed hoisting, except only the 
drawing of the sails upwards along the masts or stays. 

Hold. The space between the lower deck and the bottom of the Ship; 
where her stores and cargo lay. To stow the hold, is to place the things 
in it. 

Horse. A rope reaching from the middle of a yard to its arms or extremi- 
ties, for the men to stand on when. they are loosing, reefing, or furling a sail. 

Hoy. A smail vessel, usually rigged as a Sloop, and employed in carrying 
goods from one place to another. 

Hulk. A name given to any, old vessel laid up as unfit for further sea 
service. 

Hull. The frame or body of a Ship, exclusive of her masts, yards, sails, 
and rigging. 

Hull down. A term applied to a Ship when she is at such a distance as 
that only her masts and sails are to be seen. 

Jack. A sort of flag, or colours, displayed from a staff erected on the 
bowsprit end. 

Jamming. The act of enclosing any object between two bodies, so as to 
render it immoveable. <A cask, box, or any other thing, is also said to be 
jammed, when it cannot be dislodged without difficulty. 

Jeers. The tackles by which the lower yards of a Ship are hoisted or 
lowered down. 

Jeer-blocks. 'The blocks through which the Jeers are rove. 

Jib. The foremost sail in a Ship, set upon a boom which runs out from 
the bowsprit. 

Jib-boom. A spar that runs out from the bowsprit end. 

Jolly-boat. The smallest Boat belonging to a Ship. 

Junk. Old cable or old rope. 

Jury-mast. A temporary or occasional mast, erected in a Ship in the 
place of one which has been carried away by accident. 

Keckling. The art of winding old rope round a cable, to preserve its sur- 
face from being rubbed against the Ship’s bows or bottom. 

Kedge. A small ancher with an iron stock. 

Keel. The principal piece of timber in a Ship, which is usually first laid 
on the blocks in building. 

Keel-hauling. The punishment of dragging a person backwards and for- 
wards under the Ship’s keel for certain offences. This practice is now laid 
aside in the British Navy, but is practised by other powers. 
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Keelson, or ixelson. A piece of timber forming the interior of the keel! 
being laid on the middle of the floor timbers immediately over the keel, and 
serving to unite the former to the latter. 

Ki entledge. Pigs of iron for ballast, laid upon the floor, near the kelson, 
fore and aft. 

Kink. A sort of twist or turn in a cable or rope. 

To labour.'To pitch or roll heavily in a turbulent sea, by mech. means the 
masts and hull of the Ship are greatly endangered. 

Landfall. The first land discovered after a sea voyage. 

Laniara. A short piece of rope or line, fastened to several machines in a 
Ship, and serving to secure them ina particular place, or to manage them 
more conveniently; such are the laniards of the gun-ports, the laniard of the 
buoy, the laniard of the cat-hook, &c. The principal laniards used in a ship 
are those employed to extend the shrouds and stays of the masts by their 
communication with the dead eyes and hearts, so as to form a sert of me- 
chanical power, resembling that. of a tackle. 

Larboard. Left. A name given by seamen to the left side of the Ship, 
when the spectator’s face is turned towards the head. 

Larboard tack. The situation of a Ship sailing with the wind on her left 
side. 

Leak. A chink or breach in the decks, sides, or bottom of a Ship, through 
which the water passes into her hull. 

Leaches. The borders or edges of a sail. 

Lee. That part of the hemisphere to which the wind is directed, to distin- 
guish it from the other part, which is called to windward. 

fee-shore. That shore, upon or against which the wind blows. 

Lee-way. The lateral movement of a Ship to the leeward of her course, 
or the angle which the line of her way makes with her keel when she is 
close-hauled. 

Lifts. The ropes which come from the mast heads to the ends of yards, 
and by which they are suspended when lowered down. 

Limbers, or Limber-holes. Square holes cut through the lower part of a 
Ship’s floor timbers, very near the keel; forming a channel for water, and 
poems with the pump well throughout the whole length of the 
floor. 

List. An inclination to one side; as, “The Ship has a list to port;” that 
is, she leans to the left. 

Log. A machine by which the Ship’s rate in going is ascertained. 

Log-board. Two boards shutting together like a book, and divided into 
several columns, containing the hours of the day and night, the directions of 
the wind, the Ship’s course, and all the material occurrences that happen 
during the 24 hours, 

Log-book. A book into which the contents of the log-board is daily tran-_ 
scribed at noon. 

To luff. To come nearer to the wind, or to bring the Ship’s head more to 
windward. 

Lumpers. Doings employed to load or unload a Merchant’s Ship when 
m harbour. © 

Lying-to. The situation of a Ship when she is retarded in lier courses, by 
arranging the sails in such a manner as to counteract each other with nearly 
an equal effort, and render the Ship almost Sinpapary with respect to her 
progressive motion or head-way. 
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Magaithe A close room built in a Ship’s hold, where the powder 1s kept. 

To make the land. To discover it from a distant situation. 

To. make sail. To increase the ee of sail already set, either by un- 
reefing or setting others. 

Marling-spike. An iron pin tapering to a point, and principally used to 
separate the strands of a rope when splicing. 

Maul. A large iron hammer used for various purposes. 

Messenger. A large rope used to unmoor or heave up the anchors of a 
Ship, by. fransmitting the efforts of the capsteru to the cable. 

To miss stays. A Ship is said to miss stays when her head will not fly up 
in the direction of the wind in order to get her on the other tack. 

To moor. To secure a Ship with two anchors and cables. 

Mouse. A kind of ball, or knob, wrought upon the collar of the stays, 

Mustering. The act of calling over a list of the whole Ship’s company, or 
any particular detachment thereof, who are coer aes to answer to their 
names. 

Narrows. A small passage between two lands. 

Neap tides. Those tides which happen when the Moon is nearly at the 
second and fourth quarters; the neap tides are low tides in respect to their 
opposites, the spring tides. ; 

Nippers. Certain pieces of cordage used to fasten the messenger to the 
cable in heaving up the anchor. 

Nothing off. A term used to direct the man at the helm not to go from 
the wind. 

Near, or No nearer. Not to come any nearer. 

Oakum. The substance into which old ropes are reduced when they are 
untwisted and drawn asunder. 

Ofing. Out at sea, or at a competent distance from the shore. 

Orlop deck. The deck on which the cables are stowed. 

To over-haul. To clear away or disentangle any rope or tackle: also, to 
come up with the chace; as, “ We over-haul her;” that is, we gain ground © 
on her. 

Palm. An instrument used instead of a thimble in sewing canvass. 

To parcel a rope. To put a quantity of old canvass round a rope before 
the service is put on. 

Parting. The state of being driven from the anchors by breaking the 
cable through the violence of the winds, waves, &c. 

Pawl. A short bar of wood or ivan #xed close to the capstern or wind- 
lass of a Ship, to prevent those engimes from rolling back, or giving way, 
when they are charged with any creat effort. 

To pawl the capstern, To fix the pawls so as to prevent the capstern frem 
recoiling during any pause of heaving. 

To pay. This term, applied te naval affairs, implies to daub or anoint the 
surface of any body, in erder to preserve it from the injuries of the water or 
weather. 

To pay the seams. To pour hot pitch upon the seams after caulking. 

To pay out the cable. To shove it out at the hawse-holes. 

Pendant. The long narrow flag worn at the mast-head of all Ships of war 
in actual service. 

Brace pendants. Those ropes that secure the brace blocks to the yard 
arms in ships of war: they are generally double, in case that, one being shot 
away, the other may secure the yard in its proper position. 
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Broad pendant. A kind of flag terminating in one point, used to distin- 
guish the Chief of a squadron. 

Port. A term used for larboard, or the left side. Also, a harbour er 
haven, 

Port the helm! The order to put the helm over to the larboard side. 

Points. Flat pieces of plaited cordage, tapering from the middle towards 
each end} whose lengths are generally double the circumference of the yard, 
and used to reef the courses or topsails. 

Poop. The highest and aftermost deck of a Ship. 

Ports. The embrasures or openings in the sides of a Skip of war, wherein 
_the artillery is ranged upon the decks above and below. 

Preventer. An additional rope employed at times to support any other, 
when the latter suffers an unusual strain, particularly when blowing fresh, or 
in a gale of wind. : 

Quarter. That part of a Ship’s side which lies towards the stern, or which 
is comprehended between the aftermost parts of the main chains and the 
Ship’s stern, whence it is terminated by the quarter pieces. 

Quarters. The respective stations of the officers and people in time of ac- 
tion; hence, quartering. signifies distributing the men to different places. 

Quarter bill. A list of the Ship’s company, with their stations in time of 
action noticed therein. 

Quarter wind. A term applied to the wind when it blows in, abaft the 
main shrouds. 

Raft..A sort of float, formed by an assemblage of various planks, or 
pieces of timber, fastened together side by side, so as to be conveyed more 
commodiously to any short distance, in a harbour or river, than if they were 
separate. 

Raft port. A square hole cut through the stern of a Ship, immediately 
under the counter, to receive planks and other pieces of timber, which, on 
account of their length, could not be got into the hold otherways. 

Range of a cable. A sufficient length of cable drawn upon deck before 
the anchor is cast loose, to admit of its sinking to the bottom without any 
check. 

Ratlines. Smail lines which traverse the shrouds of a Ship horizontally at 
regular distances from the deck upwards, and forming a variety of ladders 
whereby to climb or descend from any of the mast heads. 

Ready about! A command of the boatswain to the crew; and implies 
that all the hands are to be attentive, and at their station for tacking. 

Reef. A certain portion of a sail comprehended between the top or bot- 
tom, and a row of eyelet holes generally parallel thereto. The intention 
of the reef is to reduce the surface of the sail in proportion to the increase 
of the wind; for which reason there are several reefs parallel to each other 
in the superior sails: thus, the top-sails of a Ship are generally furnished 
with three or four; and there are always three or four reefs parallel to the 
foot or bottom of those main-sails and fore-sails which are extended om 
bocms. 

To reeve. To pass the end of a rope through any hote, as the channel of 
a block, the cavity of a thimble, cieat, cringle, ring-bolt, &c.; hence, to pull 
a rope out of a block is called wnreeving. 

Ribs of a Ship. A figurative expression for the timpers. 

Yo ride. To be held in a particular situation by one or more anchors ana 
cables. — 
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To vide at anichor. A term applied to a Ship when she is held by her an- 
chors, and is not driven by wind or tide. To ride athwart, is to ride with 
the Ship’s side to the sea. 

To right the helm. To bring it into midships after it has been put either 
to starboard or to port. 

To rig. To fit the shrouds, stays, braces, &c. to their Sonne C UNE masts 
and yards. 

Rigging. A general name given to all the ropes employed to ‘aiieacd the 
masts, to extend or reduce the oa or to arrange them to the disposition of 

the wind. 

Road, or Road-stead. A bay. or place of anchorage at some distance from 
the shore on the sea coast. 

Robands, or Rope-bands. Short flat pieces of plaited rope, having an eye 
worked at one end: they are used in pairs to tie the upper edges of the 
square sails to their respective yards. 

Round-house. A name given, in East-Indiamen and other large Merchant 
Ships, to a cabin or apartment built on the after part of tle quarter-deck, 
and having the poop for its roof: this apartment is frequently called the 
Coach in Ships of war. Round-house iis also a name, given, on board Ships 
of war, to certain necessaries built near the head, for the use of the Mates, 
Midshipmen, and Warrant Officers. 

Rounding. Old ropes wound firmly and closely about that part of the 
cable which lies in the hawse, or athwart the stern, &c.: it is used to pre- 
vent the cable from being chafed. 

To rouse. 'To puil together upon the table er ropes, without the assistance 
of tackles. 

Rudder. The machine by which a Ship is steered. 

Fun. The aftermost part of a Ship’s bottom, where it grows extremely 
narrow as the floor approaches the stern post. Run is also the distance 
sailed by a Ship; it is likewise a term used among sailors to imply the 
agreement to work a single passage from one place to another, as, from 
Jamaica to England, &c. 

Rullocks. The nitches in a Boat’s side in which the oars are placed when 
employed in rowing. 

Sally port. A large port in each quarter of a Fire-Ship, out of which the 
officers and men make their escape into the Boats as soon as the train is 
fired. 

Scant. A term applicd to the wind when it becomes unfaveurable to a 
Ship’s course, after having been fair. 

Scantling. The dimensions of any piece of timber with regard te. its 
breadth and thickness. 

Scraper. An iron machine, having two or three sharp edges, used to 
scrape off the dirty surface of the planks of a Ship’s sides or ‘decks, or te 
clean the top-masts, «c. 

To scud. To go right before the pte in a tempest, going in this direc- 
tion, without any sai) ‘set, is called spooning. 

Scuppers. Certain channels cut through the water-ways and sides of a 
Ship at proper distances, and lined with sheet lead, in order to carry the 
water off the decks into the sea. 

Scuttle. A small hatchway, or hole, cut for some particular purpose 

through a Ship’s decks or sides, or through the coverings of her hatchways, 
and furnished with a lid, which firmly encloses it when necessary, 
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 Seuttling. Cutting large holes through the bottom or sides of a Ship, 
either to sink her, or unload her expeditiously when stranded. 

Seizing. The operation of fastening any two ropes, or different parts ot 
one rope, together, with a small line or cord. 

To serve. To wind something about a rope to prevent it from chafing. 

Shank. The beam or shaft of an anchor. 

Shank painter. A short rope and chain which sustains the shank and 
flukes of an anchor against the Ship’s side after it has been fished. | 

Sheave. 'The wheel on which the rope works in a block. 

Shear. The longitudinal curve in a Ship’s sides or deck. 

Sheer hulk. An old Ship of War fitted with an apparatus for fixing or 
taking out the masts of Ships, as occasion may require. 

Sheers. Spars lashed together, and raised up, for the purpose of hoisting 
in and getting out the lower masts of a Ship. 

Sheet. A rope fastened to one or both of the lower corners of a sail, in 
order to extend and retain it in a parficular situation. | 

When a Ship sails with a side wind, the lower corner of the main and 
fore-sails are fastened by a tack and a sheet, the former being to windward, 
and the latter to leeward: the tack is, however, only disused with a stern 
wind ; whereas the sail is never spread without the assistance of one or both 
of the sheets: the stay-sails and studding-sails have only one tack and one 
sheet each: the stay-sail tacks are fastened forward, and the sheets drawn 
aft; but the studding-sail tacks draw the outer corner of the sail to the ex- 
tremity of the boom, while the sheet is employed to extend the inner corner. 

To sheet home. To haul home a sheet, or to extend the sail till the clue is 
close to the sheet-block. 

Ship-shape. In a seaman-like manner; as, “That mast is not rigged ship- 
shape,”—“ Put her about ship-shape,” &c. 

Shivering. The state of a sail when it shakes or flutters in the wind. 

Shoe of the anchor. A small block of wood, convex on the back, and hav- 
ing a hole sufficiently large to contain the point of the anchor fluke on the 
fore-side: it is used to prevent the anchor from tearing the planks on the 
Ship’s bow when ascending or descending. 

Shrouds. A range of large ropes, extended from the mast heads to the 
right and left sides of a Ship, to support the masts, and enable them to carry 
sail. ) 

Skidds. Long compassing pieces of timber, formed to answer the vertical 
curve of the Ship’s side. They are notched below so as to fit closely upon 
the wales, and extend from the main-wale to the gun-wale, being strongly 
nailed to the side. Their use is to preserve the planks of the Ship’s side 
when auly weighty body is hoisted or lowered against it. 

Siip. A place lying with a gradual descent on the banks of a river or har- 
bour, convenient for Ship-building. 

To slip the cable. To let the cable run quite out when there is not time to 
weigh the anchor. 

To slue. 'To turn any cask or package round another way. 

To sound. To try the depth of the water with the plummet sunk from a 
ship to the bottom. 

To splice. To join the two ends of a rope together, or to unite the end c. 
a rope to any part thereof, by interweaving the strands in a regular manner. 

Split. The state of a sail rent by the violence of the wind. 
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Spray. The sprinkling of the sea which is driven from the top of a wave 
in stormy weather. 

Spring. A crack running transversely or obliquely through any part of a 
mast or yard, so as to render it unsafe to carry sail thereon. 

Spring tides. The tides at New and Full Moon, which flow highest and 
ebb lowest. 

Spring stays. A smaller sort of stays: they are placed above the larger 
ones, and are intended to answer the purpose of the latter, if they should be 
shot away. i 

Spun yarn. A small line, or cord, formed of two, three, or more rope 
yarns, twisted together by a winch; the yarns are usually drawn out of the 
strands of old cables, and knotted together: it is used for various purposes, 
such as seizing and serving ropes, weaving mats, &c. 

Starboard. The right side of a Ship, when the eve of the spectator is 
turned towards the head. | 

Stay. A large strong rope, employed to support the mast on the fore part, 
by extending from its upper end towards the stern of the Ship, as the shrouds 
are extended on each side. 

To stay a Ship. To arrange the sails, and move the rudder, so as to bring 
the Ship’s head to the direction of the wind, in order to get her on the other 
tack. 

Steady! The command given to the helmsman, in a fair wind, to steer the 
Ship in the line on which she advances at that instant, without deviating to 
the right or left; to which the helmsman answers, “ Steady,” to shew his 
attention to the order. , 

Steerage. An apartment before the great cabin, from which it is separated 
by a partition or bulk-head. 

Stem. A circular piece of timber, into which the two sides of a Ship are 
united at the fore end; the lower end is scarfed to the keel, and the bow- 
sprit rests on the upper end. 

To stem a tide. Yo acquire a velocity in sailing against the tide equal to 
the force of the current. 

Stern, The posterior part of a Ship, or that part which is presented to 
the view of a spectator placed on the continuation of the keel behind. 

Stoppers. Certain short pieces of rope, which are usually knotted at one 
or both ends, according to the purpose for which they are intended. 

Stoppers of the cable, commonly called deck-stoppers, have a large knot 
and laniard at one end, and are fastened to a ring-bolt in the deck by the 
other; they are attached to the cable by the laniard, which is fastened se- 
curely round both by several turns passed behind the knot, or about the 
neck of the stopper, by which means the cabie is restrained from running 
out of the Ship when she is at anchor. 

Strand. One of the twists, or divisions, of which a rope is composed ; it 
also implies the sea beach. 

Stranded. This term, speaking of a cable or rope, signifies that one of its 
strands is broken;—applied to a vessel, it means that she has run aground 
on the sea shore, and is lost. . 

To stream the buey. To let it fall from the Ship’s side into the water, pre- 
vious to casting anchor. 

Stretch out! A term used to men in a boat, when they should pull strong. 

To strike. To lower or let down any thing; used, emphatically, to denote 
the lowering of colours, in token of surrender, to a victorious enemy. 
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To strip the masts. To unrig a Ship, or deprive the masts of their ma- 
thinery or furniture. 

Sued, or Sewed. When a Ship is on shore, and the water leaves her, she is 
said to be sued; if the water leaves her two feet, she sues, or is sued, two feet. 

To surge the capstern. To slacken the rope heaved round upon it. * 

Swab. A sort of mop formed of a large bunch of rope-yarns, and, used to 
clean the deck and cabins of a Ship. | 

To sway. To hoist. ¥ 

To tack. 'To change the course from one board to another, or to turn the 
Ship from the starboard to the larboard tack, or vice versa, in a contrary 
wind. This is called going about, and is performed by turning the Ship’s 
head suddenly to the wind; ‘whereby her head-sails being thrown aback, they 
receive the impression of the wind in a new direction, and cause her to fall 
off from the wind to the other tack. 

Tackle. A machine formed by the communication of a rope with an as- 
semblage of blocks, and known in mechanics by the name of pulley. 

Taffarel. The uppermost part of a Ship’s stern. 

Tarpawlin. A broad piece of canvass well.daubed with tar, and used to 
cover the hatches of a Ship at sea, to prevent the penetration of the rain or 
sea water, which may at times rush over the decks. 

Taunt, signifies high or tall. It is particularly expressed of the masts, 
when they are of an ‘extraordinary length; as square is applied to yards on 
the same occasion. 

Telltale. A small piece of wood traversing in a groove across the front 
of the poop deck, and which, by communicating with a small barzvel on the 
axis of the steering wheel, indicates the situation of the helm. 

“ Thus, very well thus.’ The order to the helmsman to keep the Ship in 
her present direction when sailing close-hauled. 

To tide. To work in or out of a river, harbour, or channel, by favour of 
the tide, and anchoring whenever it becomes adverse. 

Tide-gate, or Tide-way. A place where the tide runs strong. 

Tier. A name given to the range of cannon mounted on one side of a 
Ship’s decks. 

Tier of the cable. A range of the fakes or windings of a cable which are 
laid within one another in an horizontal position. 

Cable tier. The space in the midst of a cable when it is coiled ; also the 
piace in which it is coiled. 

Tiller. The bar or lever employed to turn the rudder in steering. 

Timbers. The ribs of a Ship. 

Tompion. A circular piece of wood, or bung, used to stop the moth of a 
_cannon to keep the wet out. 

Tort, or Taut, signifies tight. 

To tow. To draw a Ship « or Boat forward in the water by means of a rope 
attached to another vessel or boat, which advances by means of rowing or 
sailing. 

Tow-line. A small hawser, generally used to remove a Ship from one part 
of a harbour to another. , 

Trade winds. Certain regular winds blowing within or near the Tropics, 
and are either periodical or perpetual. 

Transoms. Certain beams, or timbers, extended across the sternpost of 
Ship to fortify her after-part, and to give it the figure mest suitable to the 
service for which she is calculated. 
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Traveller. One or mvure iron thimbles With a rope spliced ‘round thein, 

sometimes forming a kind of tail, but more generally a species oF grommet. 

Traverse. To go backwards and forwards: 

Treenails, or Trunnels. Long wooden pins employed to connect the planks 
of the Ship’s side and bottom to the corresponding timbers, and are justlv 
esteemed superior to spike-nails, or bolts, which are liable to rust and loosen. 
their thickness is usually proportioned to the length of the Ship, allowing 
one inch to every hundred feet. 

To trice, or trice up. ‘To haul up and fasten. 

Trough. A name given to the hollow, or interval, between two high waves, 
which resembles a broad and deep trench, perpetually fluctuating. A Ship 
rolls heaviest when she is in the trough of the sea. 

Truck. A round piece of wood put upon the top of flag-staffs, with sheaves 
on each side for the halyards of flags to reeve in. 

Turning to windward. 'That operation in sailing wherein a Ship endea- 
vours to make a progress against the wind by a compound course inclined 
to the place of her destination: this is otherwise called plying or beating to 
windward. 

Vane. A small kind of flag worn at eaeh mast head. 

To veer. To let out; as, “veer away the cable;” that is, let out the ca- 
ble :—it likewise signifies to shift; as, “the wind veers;” that is, it shifts 
or changes.—See To ware. 

Viol. A large rope used to unmoor or heave up the anchors, by trapsmit- 
ting the effort of the capstern to ihe cable: it is more generally called the 
messenger. 

Lo unbit. To remove the turns of a cable from off the bits. 

To unrig. To deprive a Ship of her standing and running rigging. 

To unfurl. To cast loose the gasket of a sail. 

To unbend. To cast off the sail from the yard, 

Uvrow. The piece of wood by which the legs of the crowfoot are extended. 

Waist. That part of a Ship which is, contained between the quarter deck 
and the forecastle. 

Wake. The path or track impressed in the water by a Ship passing through 
it, leaving a smoothness in the sea behind. A Ship is said to come into the 
wake of another when she follows her in the same track, and is chiefly done 
in bringing Ships to, or forming the line of battle. 

To ware, or veer. To cause a Ship to change her course from one board 
to another, by turning her stern to the wind; contrary to tacking. 

Warp. .A hawser, or small cable. 

To warp. To draw a Ship against the wind, &c. by means of anchors and 
hawsers carried out. 

To weather. To sail to windward of some Ship or headland. 

Weather-beaten. Shattered by a storm. 

Water-line. The line made by the water’s edge when a Ship has her full 
complement of stores in, 

wt work to windward. To make a progress against the direction of the 
win 

To would. To bind round with ropes; as, “the mast is woulded.” 

Yard. A long piece of timber suspended across the masts, on which the 
sails are spread. 

Yarn, One of the threads of which the rupes are composed, 
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OF A 


YOUNG SEA OFFICER. 


QUESTION. You are ordered to a ship, lying in dock, how would you 
prepare to take her out of dock ? 

ANSWER. 1 would get on hoard what kentledge was requisite, stream 
anchor and cable, kedge anchor, hawser and tow- -lines, with some spare 
ropes for guys, to keep her fair for the duck gates ; also buoy and buoy ropes 
for stream and kedge anchors. 

Q. Being out of dock, how would you proceed ? 

A. I would clear tie limbers, sweep the hold, and take on board the re- 
mainder of the kentledge, which I would leve! trom the fore part of the 
fore-hatchway, to the after part of the after-hatchway. 

Q. Previous to coming out of dock, how much ballast ought you to lave 
on board ? 

A. About 80 tons in a large China ship; and 60 in one of a smalie) 
class. 

Q. What are the limbers, and their use? 

A. They are holes of 4 inches square, cut out of the floor timbers close 
to the kecl, to give free passage for the water to the pump-well. 

Q. How do you clear the limbers ? 

A. By lifting the limber kentledge up, and putting my hand down be- 
tween the limbers to clear them of chips or other dirt with which they may 
happen to be choaked. 

Q. What do you mean by limber keitledge ? 

A. They are pigs of irou fitted to go down between the floor timbers, to 
prevent any dirt getting down between the limbers. 

Q. What are the floor timbers ? 

A. The floor timbers are connected with the keel, about 14 ich thick, 
and reach between 8 and 9 feet towards the bilge of the ship; they are 
tree-nailed down to the keel above the dead-wood. 

Q. What do you mean by the dead-wood ? 

A. Large chocks of wood that are put above the keel, and below the 
fluor timbers. 

Q. How do you lay the kentledge ? 

A. From the fore part of the fore-hatchway, to the after part of the 
after-hatchway. 

Q. Why do you not continue the kentledge further forwards ? 

A. Because it is necessary to have the dead weight as inuch in the body 


of the ship as possible. 
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Q. Where do you stow your water? 
A. From the stantion abift the fore-hatchway, nearly to the bulk head of 
the coal-hole. ’ 

Q. Where do you stow your wet provisions ? 

. TL would leave out two longers of my water forward, and stow them 
there, taking care to have my first expenditure uppermost. 
Q. How would you begin to stow your first butt of water ? 

A. If it were to my advantage, I would begin from the wings. 

Q. How would you know that ? 

A. By turning the empty butts in; or by measuring with two bilge 
hoops. , 

Q. Where would you stow your dry provisions ? 

A, In the after hold if there be room, if not, abreast'cf the after-hatch- 
way. 

Q. Where would you stow your beer ¢ 

A, On the upper height of water in the fore-hold, if for the ship’s use; 
otherwise abreast the pump-well. 

@. Qutward-bound where would you stow the Honourable Company's 
bales ? 

A. {n the after hold, from the stantion abaft the after-hatchway, to the 
bread room bulk head. 

Q. And how would you stow them? 

A.. On their flats. 

Q. Why on their flats in particular ? | 

A. Because, if perchance the bales get wet, the lower pieces only will 
be injured by it ;—whereas, should it be stowed on its edge or end, and any 
water get to it, the whole would be damaged. 

Q. In stowing the Honourable Company’s bales, what dunnage would you 
give them ? 

A. Fight or nine inches fathom-wood. 

Q. Where would you dunnage most ? 

A, About the pump-well, in the wake of the chain and’ masts, also the 
floor timbers. 

@. Why in the wake of the floor timbers ? 

A. Because when the ship lays along, she will have most water there. 

Q. Why in the wake of the chains ? 

A. Beeause ships are apt to strain there, owing to the weight of the masts 
and rigging when she lays along, and also on account of the large bolts that 
are there, where she is most apt to leak. 

Q. What do you stow abreast the pump-well ? 

A. The Honourable Company’s lead. > 

Q. Why so? — 

A. Because I would endeavour to have the dead weight as much in the 
pody of the ship as possible ;-—and alsc, to make up the deficiency of the 
well; it would likewise leave less breakage there than any other place. 

Q. Where would you stow the Honourable Company’s iron ? 

A. In the wings abreast the main hatchway, and 1m the wings of water, | 

Q. In a homeward-bound passage how would you dunnage having only 
hales to take on board ? . 

A, 1 would level the hold to about 3 or 4 inches above the xkeelson. 
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Q. On which side of the ship would you take your anchors on board ? 

A, The sheet, small bower and kedge anchors, on the starboard side ; the 
best bower, spare and etream anchors on tne larboard side. 

Q. Hew many cables on each side do East {ndiamen carry ? 

A. Two on the sheet, two on the best bower, and one on the small bower, 

Q. At what depth do your haad and chain pumps begin to suck ? 

A. The chain pumps at 10 01 L2 inches from the bottom of the well, and 
the hand pumps at 5 or 6 inches. 

Q. How do the hand and chain pumps work? 

A. The hand pump witha break spear, upper and lower box; the chain 
pumps witha chain hove round within an iron winch, the chain reeved 
through the pumps, and round the roller, that is, fixed at the bottom of 
them. 

Q. How are your pumps fixed ? 

A. They are fixed between the floor timbers, with a score cut in the side 
of the pumps that they may rest ou one of the timbers ; and wedged upon 
the lower and middle decks with a plate of iron under each pump, to pre- 
vent the suction injuring the ship’s bottom. 

Q. How do you reeve the laniards ? 

A. The knot under the end of the shroud, that is, turned up, and the 
side in 

©. How do you turn in the dead eyes of the shrouds? 

A. With the lay of the rope. 

Q. How do you know the fore from the after part of a sail? 

A. By the head rope and tabling which is abaft the sail, and reef-band 
which is before it. 

Q. What do you call those ropes the sail is fixed to? 

A. The bolt rope. 

Q. The particular name of each? 

A, The head rope, leach rope, and foot rope. 

Q. How is the sail fixed to these ? 

A. It is sewed in all, except the foot rope. 

Q. How is it fixed there, and why ? 

A. It is marled; for, on account of its being wormed, parcelled, and 
served, I should not be able to get my needle through it on fixing the foot- 
rope to the sail. 

Q. How would you oe a top-sail in the slings, if you intend sending it up 
from the starboard side ? 

A. The larboard yard-arm uppermost, and folded in three. 

@. How do you set the top-imast rigging up? 

A. With a ruimer and top-burton. 

@. In what manner would you stay your masts? 

A, My maiu-mast should incline a jittle aft, and the fore-mast a little 
forward, that there may be a greater distance between them for the purpose 
of causing the stay-sails to draw the better. 


Q What do you mean by a guess-warp 2 
A. It is carrying out a hawser and anchor in a boat, to heave a ship either 


against wind or tide :——when the anchor is gone, the end of the hawser is 
received on board, 1 in readiness to heave as occasion requires, from which 


circumstance it is called a guess-warp. 
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Q. What do you mean by kedging a ship ? . 

A. \t is when a ship is dropping with the tide, having a kedge anchor 
and hawser in a boat, and letting go the anchor, wheu the ship requires it 
to bring her head the right way. 

Q. How do you moor a ship head and stern ? 

A. On letting go my first anchor, I let the ship swing to it, then carry 
out another astern (the cable being passed through the gun-room port), and 
when gone, heave in taut. 

Q. How would you moor your Ship at Gravesend ? 

A. 1 would come-to with my small bower, veer the service into the hawse, 
and then hang my best bower-anchor to the long-boat, and with the tide drop 
her a-stern; when the cable is taut, let go the anchor, first letting go the 
shank-rope, to keep the cable more taut. 

Q. How would you hang the anchor to the long-boat. 

A. Take the buoy-rope over the roller (which is in the middle of the stern 
of the long-boat), bring the bight round the main thwart, cockbill the an- 
chor, hook the cat to the anchor, and lower away,. until the flukes of the 
anchor are clear of the boat’s bottom; then make fast the buoy-rope, have 
a shank-rope through the ring (which is at the boat’s stern-post), pass it 
round the shank of the anchor, make it fast to the after-thwart, lower away, 
and unhook the cat; then veer away the cable: I would be careful to heave 
the buoy overboard before I let go the anchor. 

Q. How do you moor in the Downs? 

A, With my best bower to the S. W., I would veer away with the last 
quarter flood, and moor with the small bower to the N. E. 

Q. How would you unmoor in the Downs with the wind at North? 

A. | would splice my stream-cable to my small bower, and veer away at 
half ebb, that I might have time to stow my best bower, aud shorten in my 
small bower cable, before the Ship tends to windward. 

Q. Proceed to unmoor Ship as it is done in the Navy. 

A. 1 would send for the master to -see that the hawse is clear, turn all 
hands up to unmoor Ship, lay the capstan bars for shipping, call the mate to 
see the messenger passed for the best bower, rig the davit out, because it 
will take it up the first quarter flood, get the cat and fish to pass for the 
best bower, stretch along the fish tackle; quarter-masters down in the tier, 
and staud by to veer away the small bower cable; ship the capstan bars, 
pin and swift them, clap on the stoppers before the bitts, and bring-to the 
messenger: at the same time unbit the best bower, rowse aft the slack of 
the cable, heave taut, take off the stoppers, hold on the messenger, and 
heave away; veer away the small bower cable; clap on the nippers; thick 
and dry for weighing, heave cheerly; the anchor’s away, keep fast the small 
bower cable; quarter-master take hold of the helm; look out for the an- 
chor; the anchor is in sight; heave aud pawl the-capstan; book the cat; 
haul taut, and take a turn; surge the messenger round the capstan; take off 
the nippers; out cable; cable enough; haul cat; belay the catfall; pass 
the stoppers; hook the fish; try fish by hand; haul away the fish; belay 
the fish tacklefall; pass the shank painter; bowse-to the stock tackle; be- 
lay the shank painter; make fast the stopper and stock lashing; come up 
cat and fish; unhook beth; haul the buoy in; then shift the messenger for 
the small bower, and bring to; clap on the stoppers before the bitts, and 
unbit the cable; rowse aft the slack of the cable; man the capstan; hold 
on the messenger; forecastle-men rig out the davit for the small bower; 
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when the anchor is a-peak, send the top-men to loose the sails; man the 
vards; stretch along the topsail sheets; let go the topzail; reef tackles, 
buntlines, and cluelines; foot the sails out of the top; haut home the top- 
sail sheets; stretch along the topsail halyards, and man them; quarter- 
master and boatswain’s mates attend to the braces; hoist away the topsails ; 
belay the halyards; trim the sails; heave up the efchtc! stow it as before, 
and haul the buoy in. 

Q. How would you unmoor in the Downs, with the wind S.E. or 8.2 

A. Veer away on the best bower cable, and take the small bower anchor 
up first; and proceed as before; then heave in to the short, service on the 
best bower, &c. If the auchor has great hold, and afraid of standing the 
messenger, clear away the main capstan, and lash a block, or purchase- 
blocks, on the cable, and one to the main-mast, or one ‘to the two ports 
abreast of the main-mast; reeve a hawser through them, and heave on both 
capstans together. 

Q. How do you cast a Ship, when intending to get under weigh? 

A. if I am to cast her to starboard, I would haul in my larboard braces 
forward, and let my after-yards lay square; I may hoist the fore-top-mast 
stay-sail, and keep the sheet to windward to help her; if | am to cast her 
to port, I would haul in the contrary braces; when cast, fill the head-sails, 
and brace up as circumstances require.—N. B. If a Ship is wind-rode, as 
soon as the anchor is right up and down, put the helm the way you would 
have her cast, setting in the same braces abaft, and the contrary forward ; 
but if she is tide-rode, the helm must be put the contrary way to which you 
would have her cast, and set in the braces forward: whichever way the helm 
is, the braces abaft must be the contrary. 

Q. Suppose you are close upon a wind, in moderate weather, with all 
your sails set, how will you tack the Ship? 

A. I would hand down the lee bow-lines, stretch along the weather-braces, 
the weather sheets, and lee-tacks; then put the helm a-lee, let go the fore 
sheet, lee fore-top-sail brace and fore-top bowline, jib and stay-sail sheets. 
When the fore-top-sail touches, brace to, and help her; when aback, brace 
up, and help her: when the wind is out of the after sails, raise tacks and 
sheets, shift the stay-sail tacks, and haul over the stay-sail sheets; cant the 
sprit-sail yard; when the wind is rather 3 a point on the bow, if sure of 
coming about, haul the main-sail—N. B. One watch of the top-men on the 
quarter-deck and forecastle, to set up the weather-breast-back-stays.—If she 
has stern way, shift the helm, and square the sprit-sail yard; haul on board 
the main tack, and aft the main sheet. Brace up the main yard, when the 
after sails are full; haul off all, and haul on board the fere tack; keep in 
the weather braces forward, and let her come to; then brace up; haul aft 
the fore sheet, jib and stay-sail sheets; set the back-stays up, and haul the 
bow-lines ; then haul taut the weather- braces, lee- tacks, and weather-sheets ; 
nave the braces let go at once; when the word is given to haul maim-sail (all 
the hands on the braces should keep hauling taut in for the run), the yards 
will swing of themselves. 

Q. How would you tack a Ship under her three top-sails? 

A. 1 would put the helm.a-lee, ease off the lee fore-top-sail brace, keep 
fast the fore-toy bow-line; when the fore- -top-sail touches, brace to, and help 
her; when the wind is a-head, haul the main-top-sail, and shift the helm ; 
then brace up the main yard, and haul the main-top bow- line; when the af- 
ter sails are full, let go, and haul: keep in the weather- braces forw ard; and, 
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when she comes to, brace sharp up, haul the main and fore-top. owned, 
and haul taut the weather-braces. 

Q. How do you veer or wear a Ship with all her sails set? 

A, 1 would haul the mizen up, and the mizen stay-sail down, or brail it 
up, hard a-weather the helm, shiver the main top- -sail, let go the main and 
main-top bow-lines, ease off the main sheet, the lee main brace} and round 
in the weather-brace. When the wind is ’abaft the beam, raise the main 
tack; when the wind is aft, square the head-yards, and get the other tacks 

on board; haul aft the sheets, shift the jib and stay-sail sheets over the 
‘stays, and, as she comes to, haul the mizen out; hoist the mizen stay-sail, 
and haul aft the sheet; brace the head-yards up, haul the bow-lines, and 
trim all sharp. If a fresh wind, and should be proper to shorten sail, in 
top-gallant-sails, down jib and stay-sails, take one or two reefs in the top- 
sails. 

Q. It blows hard, would have you proceed to close- ren the top-sails ? 

A. 1 would let run the halyards, and haul the yards close down by the 
clue-lines and down-haul tackles: if the wind is large, man the clue-lines 
and bunt-lines, let go the sheets, and clue them close up; haul in the wea- 
ther-brace, and spill the sail as much as possible; then haul out the reef- 
tackles; send men up, and haul out the weather earing first, then the lee 
one, and reef away, hauling the other reefs up before the yard: if the Ship 
is upon a wind when the top-sail yard is down, let go the bow-line. It is 
mostly the way to man the clue-lines and the bunt-lines, to ease off the lee- 
sheet and clue it up; then man the weather-brace, let go the lee-brace, ease 
off the weather-sheet and clue it up, hauling in the weather-brace and bunt- 
lines at the same time; when the sail is spilled, haul out the reef-tackles, 
and reef as before. But to keep the sail from splitting or shaking (espe- 
cially if it be wet), it is the best way to man the clue-lines, bunt-lines, and 
weather-brace; let go the lee-brace, ease off the weather-sheet, hauling up 
the clue-line, ‘and in with the weather-brace at the same time; when in 
enough, ease off the lee-sheet, clue up, &c.—N. B: To set a topsail on a 
wind when it blows strong, always haul the lee-sheet home first, then the 
weather one, &c. &e. as before. 

&. it blows harder, you must take in your top-sails? 

A. 1 would take in the fore and mizen top-sails first, because 1t will ease 
the Ship forward (for when it blows bard we generally have a head sea, and 
she keeps-to the better); let go the fore-top bow-lines, lower away the hal- 
yards, man the clue-lines and bunt-lines, clue close up, and haul out the 
reef-tackles, haul in the weather-brace, steady the lee-brace, haul taut the 
top-sail halyards ; send the people up to hand the sail, and when up, before 
they go on the yard, UH clap the rolling tackle on to steady her (all the top- 
sails should be taken in the same way); after that, if squally, take in the 
main-top-sail; and then the Ship is under her courses. 

Q. How would you veer a Ship under her courses ? 

A. I would haul the mizen and main-sail up, and down with the mizen 
stay-sail; square the after yards, hard a-weather the helm, man the weather 
fore-brace, and ease off the lee-brace and fore bow-line; ease off the fore- 
tack, and stand by to haul on board the other; keep ber ‘large, if room, un- 
til I get the tack on board and belay it; then luff up to the wind, baul aft 
the fore-sheet and brace up the fore- yard, set the after sails, abodsdl main- 
tack, aft the main-sheet, bine all up, and haul the bow-lines ; when my sails 
are trimmed, shift the rolling tackles on the top-sail yards. 
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@. Suppose you are lymg-to in a hard gale of wind, under a reef main- 
sail; you want the Ship’s head on the other tack; how will you veer in a 
great sea? 

A. 1 will watch her falling off, and put the helm a- weather when she 
does; ease off the main sheet; if that will not do, [’ll man the fore-shrouds, | 
and get tarpaulins and hammocks or spare canvass up, and spread it: if 
that will not do, I will haul aft the main-sheet, and put the helm a-lee; then 
send hands out to the sprit-sail yard with hammocks and gaskets to stop the 
sprit-sail (called balancing) within the lee clue-line block: and loose the lee 
yard-arm; then haul aft the sheet, clap the helm hard a-weather, ease off 
the main-sheet, round in the weather-brace, gather aft the other sheet, haul 
the main tack on board; when she is before the wind, square the sprit-sail 
yard, clue the sail up and furl it, ease the helm down a-lee, brace the yards 
up, haul the main-sheet aft, bowse the bow-line up, lash the helm three parts» 

a-lee, and she will lay-to as before. 

Q.. Suppose she will not veer after all vou have done? 

A. 1 will loose the goose-wings of the fore-sail; if that will not don set 
the fore-sail, and veer her as under courses, or haul the main-sail up; if by 
hauling the main-sail up, and furling it, she does not veer, lower down the 
mizen “yard ; if that will not do, lower down the cross -jack-yard and mizen 
top- mast ; if that will not do, cut away the mizen-mast. 

Q. It blows hard, and you split your top-sail? 

A. 1 would let go the bow-line, haul in the weather-brace, and lower away 
the halyards ; clue up the lee sheet, haul up the bunt-lines, start the weather 
sheet, belay the clue-lines and bunt-lines, unbend the sail, and bend another; 
then either furl or set it, as circumstances require. 

Q. You are lying-to in a hard gale of wind, and split your main-sail ? 

A. Ywill haul it up carefully, unbend the sail, and bend another; get on 
board the main tack, and haul aft the sheet; ‘when the sail is set, get a 
tackle on the weather-leach to secure the thet and a preventer tHeet but 
in small ships they get the lee tack aft. for a preventer sheet. 

Q. Suppose you are on a wind, and let the Ship come up in the wind, and 
are all aback, what will you do? 

A. 1 will box her off; and suppose she will not box off, I will haul the 
mizen up, let go the main and main-top bow-lines, the lee-main and main- 
top-sail braces, and lay all square abaft; put the heim to leeward, if she has 
stern-way; when the wind is abaft the beam, shift the helm; and, as she 
gets head-way, haul-in a little of the after-braces, haul the mizen out, brace 
up sharp abaft, and haul the bow-lines; and then 1 am on the same tack as» 
before. 

Q. Suppose you are on a wind, close upon the land, and standing on must 
run on sliore, and you can clear the land on the other tack ; but it blovs 
hard, and a head swell, that she will not stay; and, should you veer, you 
would be on shore; ; how would you get upon the other tack 2 

A. 1 would club-haul her; this is done by putting the helm a-lee, and let- 
ting go the lee anchor, and bringing her head up to wind; then cut the 
cable, and haul about the after-sails; and when they are full, brace ahout 
the head-sails, haul on board the fore- tack, and brace up the other way. 

Q. If by accident your Ship is brought by the lee, what would you do? 

A. When a Ship is brought by the lee, it is commonly occasioned by a 
large sea, and by the neglect of the helm’s-man. When the wind is two or 
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three points on the quarter, the Ship taking a yaw brings the wind on the’ 
other side, aud lays the sails all dead to the mast; as the yards are braced 
up, she then having little way, and the helm being of little service. I would 
therefore brace about the head-sails the other way, and keep the main-top- 
sail shiverimg; when she gathers way, and brings the wind aft again, raise 
the fore-tack, and square the head-sails ; : trim the sails as they were before, 
and bring her to her course again. 

N.B. It is dangerous to bring a Ship by the lee in a gale of wind, for she 
lying, entirely against the sea, her sails can be of little service till they are 
braced about. 

Q. Suppose you are on a Jee shore, and had neither room to veer or stay, 
vor any anchoring ground, how would you put the Ship’s head round the 
other way? 

A. I would put my helm hard a-lee; when she comes head to wind, raise 
the fore and main tacks directly, make a run with my weather braces, and 
lay all aback at once; then haul forwards my lee-tacks and bow-lines as far 
as I can, that the Ship may fail round on her heel; and when the main-sail 
begins to shiver, 1 would haul it up, fill my head sails, and shift the helm 
-hard a-weather: when the wind cemes on the other quarter, haul on board 
the main tack, and bring her close to the wind. 

Q. Suppose you are on a lee shore, and could clear the danger on the 
other tack, although not room to veer and a sea on, she will not stay, and 
you had good anchoring ground, what would you do? 

A. When I saw the danger, I would take a good hawser, and lead it out 
of one of the quarter ports, and bend it to the aGchon to leewards the other 
part I would bring to the capstan, ship the bars, and when I clap the helm 
a-lee, and as soon as the wind is out of the main-sail, haul it up, let go the 
anchor, and heave on the spring to cast her, because the cable should not 
check her. When she comes head to wind, brace about the main-yard, haul 
on board the tack, and cut away the cable and spring; when the main-sail 
filis, set the fore-sail, haul on board the tack, and trim her to the wind. 

Q. Suppose it blows hard, you cannot carry your courses, night coming 
on, and it is likely to blow harder, what will you do? — 

A. I will haul the fore-sail up and furl it, balance the mizen, haul it ont 
to keep her to, then haul up the weather main clue-garnet and bunt-line, 
then the lee clue-garnet bunt-lines and leach-lines, square the yards, and 
get strops round the mast above the booms to hook the yard tackles to for 
rolling tackles, then reef the sail; when reefed, haul ou board the tack, get 
aft the sheet handsomely, bowse up the bow-line, haul -taut the weather 
braces, and haul up the mizen. 

Q. Suppose you are turning over the Flats with your top-sails snl fore 
sail; you risa i to put about, but she.will not stay; there is a sand 
a- head, within a cable’s length of you; what will you do? 

A. 1 will heave all aback, and when she has stern way shift the bélons 
when she has paid well uit, brace about the head-sails, and shiver the after- 
sails; then she will veer round and stand off. 

Q. You are in a gale of wind, and split your fore-course, what will 
you do? 

A. Vl man the weather fore clue-garnet, bunt-lines and leach-lines, ease 
off the fore-tack, and, when clued up, man the lee clue-garnet, and haul it 
close up; then let go the lee-brace, haul taut the lifts and braces, send 


ai 
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"hands ts unbend the sail; when another is bent, and J want to set it, T will 
haul on board the fore-tack, and haul aft the fore-sheet, brace the yard up, 
and haul the bow-line. 

Q. It blows hard, and you want to reef your courses, how would you 
proceed? 

A. As above; only that, when clued up, I would reef instead of unbend, 

). Suppose you are in chase of an enemy’s Ship of war, upon a wind, 

. ie all your sails set; she is right a-head; on which side will you engage 
ner? + 

A. 1 will engage her to leeward, by reason she cannot put away before 
the wind; and if there is any thing of a sea, she may aot be able to fight 
her lower tier of guns. If light breezes and hot weather, it would be better 
to engage to windward, to let them receive the smoke and heat of ihe fire, 

Q. You are chasing from the wind, and carry away your main-top-mast, 
how will you proceed ? 

A, I would haul up the main-sail, and send hands up into the top with a 
rope or hawser, to clap on that part of the mast. that hangs down; then cut 
the lanyards of the main-top-mast shrouds, and lower away; cast off the 
hawser, reeve it to send the stump down, clear away the rigging, unsling the 
main-yard, get the fore-tackle on it, and bowse and forward the yard; then 
lower the stump upon deck,. and get the spare top-mast ready for the cross- 
trees; clap the hawser on, and sway it up high enough for the rigging. 

@. You are lying-to in a hard gale of wind under your main course, you 
carry away your main-mast, how will you proceed to clear the wreck? 

A. J will clap my helm a-weather, brace my fore and fore-top-sail yards 
full, then call all hands to get pole-axes, &c. to clear away the rigging. 

Q. Why will you put the Ship before the wind? 

A. Because the mast will go a-stern clear of the rudder, and prevent its 
damaging the Ship. . 

» Q. Suppose you were to carry away your bowsprit, what would you do? 

A. 1 would immediately veer Ship, and keep her before the wind; and 
then, for the security of the fore-mast, I would carry forward the fore-run- 
ners and tackles, and bowse them well taut, till I can get a hawser or suffi- 

cient rope, and clinch it round the mast head, and secure it to the bits of 

the forecastle or the cat-heads; then take the best spar I have, and make a 

jury bowsprit of it. 

Q. Having a fair wind, how will you set your fore-top-mast studding-sail 
on the larboard side? 
A. First haul taut the truss tackles, and bowse the fore-yard close to; 


then haul taut the larboard fore-lift, and starbeard fore-top-sail clue-line; 


on board his Majesty’s Ships the top-burtons are on the top-sail yards to 
keep them square when studding-sails are set (the top-sails, lifts, and clue- 


lines not thought of); the fore-top men down on the fore-yard, and rig out 


the farboard studding-sail boom, first sending down the studding-sail tack 
and outer halyards up to the fore-top-sail larboard yard-arm; and reef the 
halyards; send them down, and bend them; the tack being bent and all 
ready, man the halyards and hoist away, haul out the tack, &c. If the wind 
is on the beam or quartering, set it abaft the top-sail; if right aft, before 
the top-sail (which is done by a,man standing on the fore-yard-arm, with the 
leach of the studding-sail in his hands). 

Q. Suppose you are in an engagement, and your main-top-mast stay Is 
shot away, how will you secure your mast? 

aX Wo 


a. —_—~ 


ee Heys Meg Cae MOAT gti gee eam per ee 


338. 4 EXAMINATION OF A YOUNG sRM ovricer. 


A. I will send my shifting back-stay forward by tne miiniclgerade stay, -— 
sail halyards, and reeve it through a block abaft the rsa hone | 
it taut, and that will secure the mast. 

Q. Your Ship comes-to against her helm, what will you dot: 

A. I will haul my mizen up, and shiver the after-sails. 

Q. She comes-to yet; if she stays, she will be on board some other Ship? 

A. \'ll let go the lee-fore and fore-top-sail braces, ‘raise the fore-tack and 
let go the bow: lines, haul in the weather-braces, and box her off, 

Q. How do you splice your cables? 

A. I will put. the whole strands of the best or small bower cables. twice 
each way, and point each strand with a tail of three fathoms each, then 
seize them with quarter and end seizing to make them lie snug, which is the 
readiest way for clearing the hawse; they being soon spliced and unspliced 
when pointed. 

Q. How would you mark the lead line? 

A. Black leather at 2 and 3 fathoms, white at 5, red at 7, black at 10, 
white at 13 (some seamen use black at 10 and 13), white at 15 as at 5, red 
at 17 as at 7, two knots at 20 fathoms, and so on, an additionai knot at 
every 10 fathoms, with a single knot between each 10 fathoms, to mark the 
line at every 5 fathoms. 

Q. You are sent down in the dark for a top-sail, how do you know a main- 
saji from a fore-sail, or a main-top-sail from a fore-top- sail. 

A. ¥f it has three bow-line cringles, it is a main-sail; if it has but two, it 
is a fore-sail; if it is marled abaft the foot rope, it is a main-sail, if before 
it is a fore-sail; if a main-top-sail, it has four bow-line cringles, if a fore- 
top-sail, but three: all top-sails are marled to the rope, because the foot 
rope is ‘served. 

Q. The sheers are along-side, how do you get them in? 

A, Par-buckle them in with their heads aft on the poop, and get the fore 
and main-rubners on them for guys; lash on two four-fold blocks, reeve the 
masting-falls, get girt-lmes on the head of the sheers to steady the mast- 
head, put heel-lashings on the sheers, with good oak planks under them, to 
transport them forward on; lash one of the four-fold blocks forward to the 
stem, and. bring the fail to the capstan; heave the sheers high enough; 
when done, Vl take forward two runners and tackles to assist the sheers, 
take the mizen-mast first in, then raise the sheers erect, take in the main- 
mast, bowse the heels of the ‘sheers forward, and keep them upright to take 
in the fore-mast. 

Q: How do you rig a lower-mast? 

A. I will lash on the girt-line blocks, put on the bolsters, parcei and tar 
them, put over the runner and tackle-pendants, then the foremost of the 
starboard-shrouds, then the larboard, and so on; then the stay and spring- 
stay; seize in the dead-eyes for the shrouds, and the hearts for the stay; 
reeve the lanyards, set up the rigging, yet the top over head, and bolt it; 
rattle down the shrouds, and seize on the cat-harpin-legs; hook the futtock- 
shrouds, and hitch them; seize down the ends, lash the hanging jeer-blocks 
under the top, with the strops under the stays, lead up and lash-to the mast- 
head, get the cap into the top for the head of the top-mast, and lash the 
| locks on for the main. lifts. 

_ Q. How do you get a top and cap over? 

‘4. Make fast a girt-line block on each side of the mast-head, reeve the 
girt-liaes, and pass them under the top, and make them fast to the after par* 
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: of the top; stop them to the bolt-holes in the middle aad fore part of the 


top; then sway away: when high enough, cut the upper stops, having a guy 


on the after part of the top-brim, and the top will fall over the mast-head ;_ 

_ then lower away, and put it in its birth; haul up the guy, and bolt it; lay 
the cap steady over the trussel-trees for the top-mast-head to receive it; 
when the top-mast-head is through it, lash the cap to the top-mast-head, 
sway away the top-mast till high enough, then place the cap on the mast- 
head, and drive it down. , b 

Q. How do you rig a main-top-mast ? 

A. I will tar the mast-head, get the cross-trees over, fix the volsters, and 
parcel them; put over the burton-pendants, then the shrouds, breast-back- 
stay, proper and spring-stay, and cap; sway up the mast and fid it, seize in. 
the dead-eyes, stay the mast, set up the shrouds, rattle them down, and lash 
the bollock-blocks to the mast-head. 

Q. How do you rig a top-gallant-mast ? : 

A. 1 will send down the top-rope, reeve it through the sheeve-hole, and 
make it fast round the hounds of the mast and standing part of the rope, 
leaving enough end to make fast to the cap, which done, sway away; when 
the head is through the cap, make fast the spare end or standing part of the 
top-rope to the cap, cut the seizing, clap on the grommet, then the shrouds, 
back-stays, and stay; sway up the mast, fid it, and set the rigging up: 

Q. How do you rig a bowsprit 2 

A. I will lash on the collar for the fore-stay, the bob-stays, and bowsprit 
shrouds; then the collar for the spring-stay, then the block for the top-mast- 
stay, fix the man-rope, gammon the bowsprit, and set the bob-stays and 
shrouds up. 

Q. How do you rig a jib-boom? 

A. I will put over the jib-traveller, horses, and guys, the top-gallant stay- 
block, and lash on the blocks for the top-gallant bowlines, and jib down-haul 
block to the traveller. 

Q. How do you rig a lower yard? 

A. I will get the yard athwart the gunwales; lash the jeers, quarter clue- 

garnets, bunt-lines, leach-lines, and slab-line blocks; then put over the yard- 
arms, the horses, brace-pendants, the yard-tackle-pendants, then the top- 
sail sheet and lift-blocks; reeve the jeers, braces, lifts, and yard-tackle-falls ; 
truss parrels, sway the yard up, and haul all taut. 

Q. How do you rig a fore-topsail yard ? 

A. I will reeve a hawser, for a top-rope, through the bollock-block, and 
send it down; and, having put over the horses, make.the top-rope fast to 
the middle of the yard, stopping it to the yard-arm; sway it up above the 
top, put over the brace-pendants and lift-blocks, reeve the lifts and braces, 
cut the yard-arm seizing, and cross the yard; lash the tye, bunt-line, and 

_clue-line blocks; reeve the tye and halyards, sway it above the cap, and 
parrel it; then reeve the clue-lines, bunt-lixes, and reef-tackles, 

Q. How do you rig a top-gallant yard ? 

A, I will séize the clue-line blocks on, put the horses over the yard-arms, 
sway it up to the cap, and rig the yard-arms, by putting on the brace-pen- 
dants and lifts; then cross the yard, and parrel it. 

Q. You have lost your rudder at sea, what method will you take to steer 
the Ship? 

A. 1 will take a large spar, or part of a top-mast, and cut it flat, in the 
form of a stern-post; bore holes, at proper distances, in that part which is 


~~“ 
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to be the fore part of the preventer, or additional stern-post; then take the 
thickest plank I have on board, and make it as near as I'can into the form 
of a rudder; bore holes, at proper distances, in the fore part of it, and in 
the after part of the preventer stern-post, to correspond with each other; 
and reeve rope grommets through those holes in the rudder and after part 

of the stern-post for the rudder te play upon. 

Through the preventer stern-post reeve guys, and at the fore part of them 
fix tackles, and then put the machine over-board; when I get it in preper 
position, or in a line with the Ship’s stern-post, lash the upper part of the 
preventer-post to the upper part of the Ship’s stern-post, then hook tackles 
at or near the main-chains, and bowse taut on the guys to confine it to the 
lower part of the preventer stern-post: having holes bored through the pre- 
venter and proper stera-post, I will run an iron bolt through both, taking 
care not to touch the rudder, which will prevent the false stern-post from 
rising up or falling down. ' 

By the guys on the after part of the rudder, and tackles fixed to them, I 
may steer the Ship. I must take care to bowse taut the tackles on the pre- 
venter stern-post, to keep it close to the proper stern-post. — 

_ Q. Your Ship is leaky, you cannot keep her free by the pumps, what will 
you do? 

A. I will take a spare top-sail, or some other sail, and spread it upon the 
deck, cover it all over with oakum, and bind it to the sail with a needle 
and twine in several places, to keep it fast to the sail; then take a-hawser, 
and cut it into proper lengths, to go under the Ship’s bottom, and come in 
over the gunnel; put these hawsers about four feet distant under the sail, 
and make them fast with their middle to the middle of the sails, each leach 
beginning at the head, and leaving off at the clues: then put the sail over- 
board, keeping the cakum side to.the Ship’s bottom, and haul up the ends 
_of the hawsers on the other side by a hauling line which I have swept the 
Ship with, numbering each end fore and aft; then ease away on the haw- 
- ser’s ends on that side I have put the sail over, and keep hauling at the same 

time on the hawser’s ends on the opposite side when the sail is properly 
down, which is known by. marking the hawser; I will then clap on tackles, 
and bowse all taut, keeping the sail close to the Ship’s bottom; the oakum 
will then be drawn in, and stop the leak. The sail may be covered with 
horse dung, or any filth I have on board, which will be drawn in, and step 
the leak. : 

Q. Your anchors are along-side, how would you get them in? 

A. If my sheet-anchor is uppermost, I would overhaul my fore and main 
tackles, have a good pair of gun or anchor slings, and clap it on about the 
crown of the anchor, passing the end to the inner bill, and seize it well with 
a good bill lashing; then hook on the main tackle, clap on another pair of 
slings on the shank of the anchor, close to the stock, and hook on the fore 
tackle, having at the same time a good loof tackle from forward on to the 
ring of the anchor, to keep it from going too far aft, and another from the 
upper part of the stock, hooked on in board, abreast ef the anchor; when 
ail is ready, hoist away the fore and main tackles, being careful to keep a 
shoe between the fluke of the anchor and the Ship’s side, and occasionally 
bousing-to the stock-tackle until high enough; then secure it well with the 
stopper and shank-painter; when done, drop the craft under the bows, and 
hoist the others up to the cat-heads. ; | 

Q. How do you coil your cables? 
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A. The same way they are’ bitted, or passed round the windlass ; that is, 
the best bower against the Sun, and the small bower with the Sun; sup- 
posing the best bower to be on the larboard side, and the small bower on 
the starboard. 

Q. Coming into soundings from a long voyage, how would you prepare for 
going into port and anchoring ? 

A. | would order the cables to be bent thus: get their ends up, reeve, 
hawse, and ring ropes to haul them out; the fore-castle men to clinch them, 
and quarter-master to clap the bends on; reeve the runners and tackles, un- 
stow the anchors, bend the buoy and buoy-ropes, single the stoppers and 
shank painters, bit the bower-cables with a long range, have the dog-stoppers 
to pass, see the tiers clear, have hand-leads and lines in the chains, send down 
the top-ropes, reeve the top tackle-falls, unsling the lower-yards; when the 
cables are bent, &e. clap the hawse-bucklers on. | 

Q. Suppose the wind northerly, and you are in a Ship’s hawse in the 
Downs, what would you do? 

A. I would wait until the Ship tends to windward, and heave up my an- 
chor as she is tending. “aa 
_ Q. You are at anchor in the Downs with the wind S.W. and are ordered. 
for Spithead; ut what time of the tide would you unmoor ? 

_ A, At half-flood, in order to be ready to weigh at high-water; and I 
would cast her head in shore, as I should then have more of the ebb-tide in 
my favour. 

Q. You are coming into the Downs with the wind from the westward, and 
it blows hard; which way would you lay your Ship’s head 2 ees 

A. I would come-to with the Ship’s head to the eastward, if I intended to 
let go my best bower; but if the smail bower, to the westward, in order to 
keep my cables clear of the cut-water. — y 

Q. You are moored at Spithead, and ordered to sail to the westward; 
what time of the tide would you unmoor ? 

A. At the beginning of the flood, taking up my small bower first. 

Q. How would you moor at Spithead ? 

A. With my best bower to the S.E. and small bower to the N.W. 

Q. The wind is at S.W., it blows hard, you part all your cables in the 
Downs; what would you do? 

A. | would cut away the ends of the cables from the bows, hoist the fore- 
stay-sail, and wear Ship as soon as possible; when done, I would bring the . 
South Foreland upper light to bear S. W. 3 W. then steering N. E.4 E. I © 
would psss to the Westward of the Gull Lights, and as soon as the Goodwin 
Lights bere E.S.E. haul out for them; or, when the North Foreland Light 
bore WiN.W. would steer E.S.E. and heave to in 18, 19, or 20 fathoms, tak- — 
ing care, in running through the stream, to stand to the Brake no nearer 
than 7 fathoms, nor to the Goodwin than 11 fathoms. 

Q. What are the dangers between the Lizard and the Rame Head? 

A. The Udder Rock, it lies 4 3. miles W. 3 N. from Loo Island, and has 
nine feet on it. 

Q. What are the dangers off the Start? 

A. The Skerrie rocks; they lie one mile off, E. } N. with only nine feet 
water on them, and five fathoms close to them. I would clear them by keep- 
ing the Bolt Head open of Praul Point. 

Q. What is the leading mark into Portland Roads, in order to clear the 
east end of the Shambles ? « 


* Two buoys have been recently placed on the Shambles, viz. a red buoy on the east 
end, and a black one on the west end. 
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A. Wyke Church well open of the north east point of Portland. 

Q. What are the marks for anchoring in Portland Roads? 

A. Portland Castle S.W.— The north east point of Portland S. by W.; and 
Weymouth or Sandyfoot Castle, N. N. W. } W. in 6 or 7 fathoms. 

Q. Coming from the w estward, in what latitude would you endeavour to 
make the channel 2 

A. In latitude 49° 25’ N. because if I come to the notthwuit of that lati- 
tude, I should get to the northward of Scilly, in consequence of the indraft 
of St. George’s Channel, which is to be met with full 15 leagues to the south- 
ward and westward of Scilly; the tide running 9 hours to the northward, and 
ouly 3 to the southward. 

Q. In thick weather how would you know when you are to the northward 
of Scilly ? 
. By having from 45 to 50 fathoms oozy bottom. 
What variation is there at the entrance of the British Channel ? 
Two points and a half westerly. 
. What soundings do you get in the fair way of the Channel ? 
. White sand, small yellow stones with black specks, and broken shells. 
What is the Channel Course 2 
. East and by South, and West and by North. 
How do Ahh know when you are on the French Coast in thick wea- 


LOMORORORY 


ther? 

A. By having deep water, with large stones and red sand. 

Q. What buoys are there in the Downs and Guli Stream ? 

A. Onc buoy on the Gull, white; one on the Elbow, white; one on the 
north Brake Head, red; one on ihe south Brake Head, black ; and one on 
the Fork, chequered black and white.* There are also two light vessels ; 
one at the North Sand Head, with three lights, in a triangular form; and 
one in the Gull Stream, near the Bunt Heed, with two lights, placed ‘hori- 
zontally. 

Q. What are the marks for being clear of the South Sand Head 2 

A. Upper Deal Church on with Walmer Castle, bearing N. 3 W. or the 
two lights on the South Foreland in one, bearing W. ZN. 

Q. What is the best mark for large Ships to anchor in the Dowus ? 

A. Upper Deal Mill and Deal Castle in one, in 9 or 10 fathoms. 

Q. In proceeding from the Downs to Spithead, what are the dangers? 

A. The South Sand Head, the Varne, Ridge, Roar, Swallow, Stephenson’s 
Shoal, Royal Sovereign, Horse of Willingdon, Pevensay, East Barrow Head 
Owers, Horse, and Dean. 

Q. What lights are there on the South Coast of England ? | 

A. On the Galloper, a vessel with two lights, horizontal.—North Fore- 
rand, one.—North Sand Head, a vessel with three, in a triangular form— 
Gull stream, a vessel with two, placed horizontally.—South Foreland, two, 
bearing W. 3 N.—Dungeness, one.—On the South East end of the Owen a 
vessel ith one.—Nab Rock, a vessel with two, placed at different heights.—+ 
Hurst Point, two, bearing N.E. by E. 3} E—Needles Point, one. —Bill ot 
Portland, two, bearing N.N. W.3 w .— Plymouth Sound, a vessel with two, 
placed horizontally. a ad veronet one.—Lizard Point, two, bearing East and 
West.—Long Ships, one.—St. Agnes, on Scilly Island, one, revolving, in order 
to distinguish it frou the Long Ships. 

e. What lights are there on the North Coast of France? 

. Ushant, one.—Caskets, three, in a triangular form.—Cape Frehet 


* A red beacon buoy, with a staff and vane, has been lately placed on the South 
Sand Head. 


t A light is now placed en South Sea Castle. 
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ue.—Granville, one.—Cape Barfieur, one.—Cape La Heve, two, bearing 

N.N. E.—Cape Lailly, one.—Dieppe, one.—St. Valery, one. 

Q. What is the variation in the Downs? 

A. Two points and a quarter westerly. 

Q. How would you anchor in Torbay ? 

A. Bring the Berry Head to bear South; and Brixham Church on with 
he Pier Head, in 6 or 7 fathoms. 

Q. How near would you stand into, and off from, the principal Headlands 
in the Channel. : 


Into OF Into Off 
A. Scilly-+-+++65 fms. 69 fms. Dunnoseeee---25 fms. 35 fms. 
Lizard ++++45 53- Owers ee-eee- 22 -30 ———— 
Eddystone. .42 51 Beachy Head. .-18—--~—28 
Start ++++9+52 —47 Dungeness ----12 20 
Portland --30——-—36——-— _ South Foreland 10 ~- 18 ——-— 


Q. What 1s the mark for going between the Race and the Shambles in the 
~ night? ! 

o7 The two lights on Portland in 01 e,* bearing N. N. W. § W.—I woule 
fun in with this mark until the land shuts in the new light-house, then steer 
NONE: 

Q. What are the marks for sailing into Plymouth Sound? 

A, Plymouth New Church onwith the red beacon onthe Hoa N.E by E. 3 E. 
As soon as Mount Batten 'Fower bears E. N. E. I would steer for it, or when 
the Shagstone comes on with the Mewstone, haul in for anchorage. The 
new light vessel is always to be kept on the starboard hand, which will take 
me clear of the Breakwater, and to the westward of the Panther and Knap 
In entering the Sound I would round Peulee point in 8 or 7 fathoms. 

Q. What are the anchoring marks in Plymouth Sound? | 

A. Drake’s Island bearing N. W. by N. with Mount Edgecumbe House 
open te the southward of it. Mount Batten N. E. by N. and the Whithy 
Hedge S. E. by E. or end on; in 6 or 7 fathoms. 

Q. What are the dangers near the Land’s End? 

A. The Runne!lStone,+Wolf Rock, Long Ships, and the Seven Stones.- 

Q. Which is the narrowest part of the Channel ? 

A, Between Portland and the Casketts. 

Q. If you have 75 fathoms red sand and gravel, how does Scilly bear from 
you! 

A. About N.W. 

Q. In coming from the eastward, how near would you stand to the Ower’s 
light 2 

A. About two miles; the light bearing N. W. by W. 

Q. In coming from the westward, and bound to Spithead, what are the 
buoys on the larboard hand ? ; 

A. One on the south-east end of the Princessa, black; North West End, 
white; Bembridge or Betty’s Ledge, black ;_ Knab Rock, red; (the new _ 
light lies east from this buoy about } of amile.) Warner, white; Noman’s 
Land, white; and two on the Sturbridge, white. . 

Q. What is the mark for the buoy on Noman’s Land | 


¢ The upper light is revolving, and the lower one fixed. : 
¢ A red buoy is now placed W. by S. 26 fathoms from the Runnel Stone Roch 


He 


344 _ EXAMINATION OF A YOUNG SEA OFFICER, 


A, Ashey down beacon on the N. W. angle of a triangular field to the 
westward of the Salthouses, and the gap in the fir trees in Postdewn Hiil on 
with St. John’s Chapel at Portsea. 

Q. What is the leading mark through the Needles ? 

A, Pilewell Bath, which is a Cupola Building, on with Hurst Castle: 
night, the two hghts on Hurst Point in one. 

°Q. How do you know when you are clear of the west end of the Owers ? 

A. By Medmerry House being in one with Chichester Church, or St. Rook’s 
Hill, bearing. N. E. 4 N.: and when Dunnose bears W. N. W. I would steer 

_N. W. by N. for Spithead, passing.to the eastward of the light vessel, 

Q. What is your mark for being abreast of the Owers? 

_A, Selsey Bill bearing North. 

_ Q. How near would you stand to the South Foreland in the night ? 

A, I would keep the lights in sight above the land. 

Q. What is the mark for being clear of the east end of the Owers? 

A. Pegham Grove, Chichester Church, and the White ae on Bow Hiil, 
in one, bearing about North. 

Q. What is the mark for clearing the Horse of Willingdon, and Royal So- 
vereign Shoals ? 

A. * Keep the Seven Cliffs of Beachy in sight. 

Q. What is the mark for anchoring at St. Helens? 

A. Ashey Down Mark on with the White Sea Mark, in 7 or 8 fathoms. 

Q. In coming into the Channel from the westward in thick weather, how 
do you know if you are too far to the southward or northward of ty Fair- 
way! 

"4. When [ get red sand and coarse gravel, I am near the coast of Tiande : 
if mud and oozy bottom, in the stream, or to the northward of Scilly ; but if 
white sand, with black specks and small steils,. 1 am then in the fair way of 
the Channel. 

Q. What are the bearings and distances of the Warne and Ridge from the 
Coast ? 

A. The east end of the Varne lies 8.8. W.4 W.8 mili from the South 
Foreland ; south by west, 7 miles, from Dover Castle; S. E. 3 S. 7 miles from 
Folkstone. ‘The west end S. W. 2S. 11 miles from Dover Castle, South 8 
miles from Folkstone Church, and E. by S. 11 miles and a half from Dunge- 
ness. It has 7 fathoms on the west end, 4 on the east, and 24 on tLe 
middle. The east end of the Ridge lies 8. by W. 12 miles from Dover Castle, 
and W.N. W. from Calais Cliff; the west end lies S. E. near 13 miles from 
Dungeness, and S.S. W. ? W. 19 miles from Dover Castle. On the west end 
is a black buoy in4 fathoms; on the east end a red buoy in 34 fathoms; 
and about 2} miles north eastward from the black buoy is a swinging beacon 
in 3 fathoms. Between the Varne and Ridge there are from 18 to 20 fa- 
thoms. 

Q. You are bound to Spithead and the buoys are ali gone. 

A. I would keep Ashey down Sea Mark, on the Isle of Wight, in sight 
above the trees; and that will carry me clear of all the dangers. I would 
stand to the Warner into 12. fathoms, to the Dean in 9 or 10, to the Horse 
11, and to the Noman’s Land 18 fathoms; the moment the water shoals, 
near Noman’s Land, I would tack to the eastward, it being steep to. 

Q. What is the mark for being clear of the West End of Stephenson’s 
Shoal? 

A. Lydd Church and Mill in one bearing N. E. 3 E. 
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Q. How would you anchor under Dungeness ? 

A. 1 would bring it to bear 8. W. by W. or W. S. W., keeping the Hope 
Land open of Dover, in 10, 11, or 12 fathoms. 

Q. How would you anchor at Spithead ? ae 

A. I would bring South Sea Castle to bear N. E. by E., and the Kicker 
Point N. W, and anchor in 14 fathoms. | 

Q. What is the mark for the South-east buoy of the Dean?. 

A. Ashey Down mark on with the southernmost of the two clumps of 
trees at the Priory House, on the Isle of Wight, and the Spire of Portsmouth 
Church, a sail’s breadth open to the eastward of South Sea Castle. 

Q. What is the mark for going into Spithead 2 

A. The Spire of Portsmouth Church, North a little westerly, or Kicker - 
Gill and Fort Monkton in one. 

Q. What are the marks for the buoy on Bembridge Ledge ? 

A. The New Inn on with Red Cliff Point, bearing N. W. 3 W. and the 
small chalk pit on the high land of Dunnose, just open to the Southward of 
Culver Cliff, bearing W. by S. 

' Q. You are off Beachy Head in a dark night, and in a strong gale of wind 
at N. E. and bound to Spithead? 
- A. 1 would lie-to with the Ship’s Head to the N. N. W. till morning, keep- 
ing the lead frequently going; she would then drift a chaunel course about 
two knots an hour, (allowing her to loose on the ebb what she would gain on 
the flood,) and be in the-fair way in the morning, 

-Q. Being abreast of the Isle of Wight, and running for the Downs witha 
heavy gale of wind at S. W. how would you act? 

A, Get the top-gallant yards and masts dawn, and run under the fore-sail ; 
see all the cables clear. When you round the South Foreland (keeping the 
lights in sight) and are in the proper anchorage, haul the fore-sail up and 
haul the mizen out, hard a starboard the helm, and when the Ship comes 
head to wind, let go your best bower anchor and veer away. 

Q. Suppose you part your best bower? 

A. Let go the small one. 

Q. You part your small bower? 

A. Let go the sheet. 

Q. You part the sheet ? 

A, Veer Ship and run through the Gul! Stream. 

Q. Suppose the Ship will not veer, the ends of the cables being out, and 
hooking the bottom ? , 4 

A. Cut the cables from the bows, and when through the Gull Stream, and 
clear of the North Sand Head, stand with the Head to the eastward, and 
heave-to till day-light, 

Q. How do you know the different Head-lands in the Channel ?. 

A. The Lizard is middling high land, on which there are two light heuses, 
and several churches.—The Ramehead is even and round, on which stands 
a large barn.—Tie Start Point is quite ragged like a Cock’s Comb.—The 
Bill of Portland is bluff land, aad appears like an Island; it has two light- 
houses on it.—St. Aldan’s Head is bigh laud; it has an Old Castle, with se- 
veral large seats on it.—Peverel Point slopes to the S. E.and is smooth.— 
‘The Isle of Wight is high, and has a remarkable sea mark on it, called Ashey 

Down Tower.—To the westward of Beachy Head are seven very remarkable 
White Cliffs ; the land is high and bluff. 
: ‘ v4 
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Q. What are the Bearings and Distances of the principal Head-lands, &c. 
in the Channel ? © 


Bearings Distances t% 
by Compass. Leagues. 
A. North Foreland to the South Potelaiid seerecees S WHS, 5 
South Foreland to the Dungeness-+++++ +++++sWSW5W. | 
Dungeness to Beachy Head +++ seeees see veeees WIN. , 10 
Beachy Head to Selsea Bill +eeee+e+eeeeee NWbyW3W. 13° 
Beachy Head to Dunnose «++++4 eoeees seeees WNWEW. 19 
The east end of the Owers to Dunnose s++ee- WNW3W. 7 
St. Catherine’s Point to St. Aldan’s Head ---++++s WNW. - 10 
St. Catherine’s Point te Bili of Portland ..-.--» WNWiW. 15 
Bill of Portland to Berry Head «+++0+ ees00. WNW3W. 13 
Bul of Portland to the Start +++eeee+cceecs seoers WEN, 16 
Bolt Head to the Rame Head «+ «eee veeeee eee» NWN. | 6 
Bolt Head to the Eddystone seeese+seceas+o-+ WNIY. 6 
-Bolt Head to the Lizard -+++sesess seme coseseee WhyN. 18 
Rame Head to the Lizard +++ +sseeescecceeeeeeee WAS, 14 


Lizard to the Runnel Stone «+--+ «eevee coves NW5W. - 6 
Lizard to the Wolf Rock ++++e+-+eeses++-s-NWbyW3W. 8 
Land’s End to the Wolf Rock eaoete secees eee eo SWIW. i | 
Land’s End to St. Agues’ Light sesecscccces cass WAN, 9 
Land’s End to the Seven Stomes+e+e serees eecees WNW. 5 

N. B. The bearings in the foregoing directions are all by Compass. 


Q. What are the times of High Water on the Shore, and tilf what time 
does the streain run in the ‘Offing, on full and change days, at the principal 
Head Lands, &c. in the Channel? 


HeW. on the Shore. Stream in the Offing. 
A. Deal and the Downs +*+-+- ««+ eclih, 15m. 2h. 45m. 
South Foreland eees -sereeseeerere dl 0 2 Ad 
Dungeness eGbe cure selene cie'w see 6 oe stl 30 l “ 45 
Beachey Head eee scaccesercescace 10 15 12 rf) 
Owers and Looe Stream +«++++++* oe o | 0 11 0 


In the Looe, the flood pecan runs till 
near ten o’clock, and then runs west- 
ward six hours. 

St. Helen’s or Brading Tiavbour cones 1 1 0 
Portsmouth Harbour -seeecesseeeccee I] 30 
At Spithead the flood runs till «+++.. 9 30 

and ebbs 7 hours. 


At the Needles the flood runs in till --10 0 

Dununose «oecccecccce teencecccces 10 45 

Cowes cece -sak eee 6s We 0ee 8 ve elble ees e 15 

Needles---++-« pec dlsie sete os elias vooe 8 56 10 30 

Portland Road and Weymouth -+++-++ 6 30 

Bill of Portland «oes eeesss eeeee 2 7 lg 10 15 

Torbay, Dartmouth, &c. soccer ccecce G iY) 9 0 

Plymouth Sound -+e-seeeceeeserees 5 30 

Eddystone ote ove ahleie. odie tales mika elapse te) 15 8 25 

Falmouth eecessscccee sewn neconece 5 15 

Lizard -<ereees neces We Aas cee tis 55 q 42 

Mount’s Bay -sese- sees ee eee Rive <) Be 40 

Wolf Rock, and Long Ships «+eerses 4 30 7 30. 
4 40 6 40 


St. Mary's (Scilly) evevers seen eaeeve 
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Q. When bound to the Cape, or East Indies, in what longitude would 
you endeavour to cross the Equator ? 

A. From 18° to 22° West. 

Q. What is the variation of the Compass, at that part of the Equator ? 

» A. About three quarters of a point Westerly. 

Q. Being bound to St. Helena outward, to which route would you give 
the preference, the Eastern or Western ? 

A. That would depend on the season of the year :—I would prefer going 
to the Eastward of the Island, during the months of November, December, 
January, February, and March. 

Q. Why so? | 

A. Because, during that season, the N. E. Trade carries me within 2 or 8 
degrees of the Equator ; ; and tom generally veers to East, or E. by S. where 
it most frequently remains steady in those months ; consequently, by having 
the S. E. Trade well to the Eastward, I would shape my course to windward 
of the Island. 

Q. Suppose you go the Western passage, how far would yon run to tie 
Southward ? 

A. To about 28 or 29 degrees of Latitude, and then tack. 

Q. In what jatitude would you endeavour to round the Cape of, Good 
Hope outward-bound, and also in June or July, homeward-bound ? 

A. eitmard-houad I would endeavour to round it between 37 and 38 
degrees South,—and homeward from 35 to 353 degrees, for the purpose of 
availing myself of the Current. 

Q. What dangers are there in the Mozambique Channel? 

A. Bassas de India, Europa Rocks, Juan de Nova, Coffin Island, and 
Chesterfield Shoal. 

Q. In sailing through the Mozambique Channel, how would you shape 
your course ? 

' A. As near mid-channel as possible, because, the Monsoon blows more 
regular there, than along the coast ; and by taking that route, I should avoid 
all the dangers except Basses de India, and Europa Rocks, which I would 
pass to the Westward with great caution, steering between Juan de Nova, 
and the main, direct for Mohilla, or Comoro. 

Q. What are the dangers in the middle passage ? \ 

A, St. Brandon Shoal, Cargados Bank, and the Bank Saya de Malha, all 
very imperfectly known. 

Q. How are the currents in this passage ? 

A. Very changeable, particularly between the Equator, and the Northern 
limit of the ry wind ;—I should therefore act with great caution, particu- 
lary during the night. 

Q. How winiid you steer from Cape Ambre to Bombay ? 

- A. About N, 1K. is the safest. track, till clear of the small Islands which 
fe N. E. and N. “Ww. of the Cape; having passed them, I would steer a 
direct course N. E. for Bombay. 

Q. In what latitude would you endeavour to make Bombay Harbour? 

A, Latitude 18° 50’ N., which would carry me between Old Woman’s 
{sland and Kenery Island. 

Q. What are the dangers going into Bombay ? 

A. Tull Reef; S. E. and.S. W. Prongs ; the reel sey BRIE Old Woman’s 
Island ; Sunken "Rocks ; and Middle Ground. 
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Q. What water is there round the aforesaid dangers ? 

A. Tull Reef has 53 fathoms to the Westward of it, and 3 sia cee to the 
Southward; S. E. a S. W. Prongs has 4, 5, and 6 fabtotiis the reef sur« 
,ounding Old Woman’s Island, from 4, 33, and 2 fathoms; Sunken Rocks 
& fathoms, and Middle Ground only 4 fathoms. 

Q. ‘What is the mark for being clear of the Prongs to the Southward ? 

A. Funnel Hill in one with the North part of the Great Caranja Hill; or 
Keeping it to bear E. by N. | 

Q. Suppose you cannot see Funnel Hill ? 

A. I would bring the North part of Great Caravja Hill to bear E. 3 N. 
and run ou that course until I open the harbour. 

Q. What are the marks for clearing the S. E. Prong? 

A. Bombay Church in one with the Oyster Rock. 

Q. What maik have you for clearing the S. W. Prong ? 

A. Malabar Point N. by E. j E. clears me of them. 

Q. What is the mark for clearing the Sunkep Rocks? 

4. Mazagon House a sail’s breadth open to the Eastward of the N, E. 
Bastion of Bombay Fort. 

Q. Suppose you cannot see Mazagon House ? 

A. I would then bring the N. E. Bastion of Bombay Fort to bear North, 
or N. 3 E.; and run in with that bearing, which would carry me clear of ahs 
Sunken Rocks and Middle Ground. 

Q. What are your anchoring marks in Bombay Harbour ? 

A. Brab-tree in the Castle, and the Flagstaff, in one, in 6 or 7 fathoms. 

@. What course ought you to steer down the Malabar Coast during the 

S W. Monsoon ? 

A, S.S. E. an illowance being made fur the great W. S. W. swell, of 
3 Or ? of a point, as may be deemed necessary. 

Q. How near would you stand to’ the land ? 

A. No nearer than 15 or 16 fathoms, the weather being generally very 

hazy during the S. W. Monsoon. 

‘ : Q. What soundings would you endeavour to keep in down the Malabar 
Coast ? 

A. In 40, 45, and 50 fathoms, until I reached the Latitude 12° 0’ or 
"12° 30’ N. 

Q. What dangers do you expect to meet with to the Eastward of Ceylon ? 

A. The Great and Little Basses, which are very dangerous reefs; they 
are elevated a few feet above the water’s edge, and project a considerable 
distance below its surface. 

@. How near would you biproaeh them? 

A. Great Basses from 25 to 35 fathoms, and Little Basses from 30 to 40 
fathoms. 

Q. Where would you make the Land being bound to Madras ? 

A. About Friars Hood in Ceylon, in lat. 7° 17 N. in the S. W. Monsoor: 
bat, during the N. E. Monsoon, I would endeavour to make Point Divy, in 
lat. 16° 00’ N., and then Pulicate Reef, in lat. 18° 25’ N. 

Q. How would you anchor in Madras Roads ? 

A. With the Flagstaff and pare of the Town Clock in one, bearing — 
W.N. W.; St. Thomas's Mount S. W. } W.; and the high Black Pagoda 
W.5S. W.; in 10 fathoms, off shore about two miles, where I shall have good 
anchorage ; but more Northerly the, ground is foul. 


EXPLANATION. AND USE 


OF THE 


TABLES. 


. TABLES I. ann II. 
Difference of Latitude and Departure for Points and Degrees. 


THESE Tables are of very extensive use in Navigation, affording ap 
easy and expeditious method of solving all problems in right-angled plane 
trigonometry, and consequently applicable to the various sailings, but parti- 
cularly useful in working a traverse, whence they obtain the name of Tra- 
verse Tables. 

Table I. contains the difference of latitude and departure (in whole num- 
bers and tenths), answering to distances not exceeding 300, and for courses 
to every quarter point of the compass. Table II. is of the same nature and 


extent, but fur courses consisting of whole degrees. The coursesiare set « 


down at the top of the pages when they do not exceed 4 points or 45 de- 
grees, and at the bottom when they are greater than these quantities: the 
distances are regularly arranged in the columns marked Dist., the first be- 
ginning at 1, and ending at 60; the second beginning at 61, and ending at 
_ 120, and so on to 360: corresponding to each of these distances, the differ- 

ence of latitude and departure are set down in adjoining columns, marked 
Lat. and Dep.: but it must be carefully observed, that when the course is 
less than 4 points or 45 degrees, these must be taken out as marked at the 
top, and when more, as noted at the bottom of the pages. ; 

Now, as the difference of latitude and departure answering to any given 
course and distance are found opposite the distance in that page of the 
table which contains the course, if therefore any two of the four things, 
viz. the course, distance, difference of latitude, and departure, be given, and 

‘those two be found together in the tables, the other two things will be found 
in their respective places on the same page. In like manner, the parts of 
any right-angled plane triangle may be found (provided two of them, exelu- 
sive of the right angle, be given), by taking out the hypothenuse as a Dis- 
tance, the perpendicular in a Lat. column, the base in the Dep. column, 
aud the angle opposite to it «s a course. Hence, when these tables are ap- 
plied in parallel or middle latitude sailing,- the. Co. lat. or Co. mid. lat. ic 
taken as a course, the departure or meridional distance is found in the Dep. 


Ss em 
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column, and the difference of longitude in the Dist. column; in Mercator’e 
sailing, the meridional difference of latitude is taken out in the Lat. column, 
and difference of longitude in the Dep. column. 

When any of the given parts (excepting the course, which is never to be 
multiplied or divided) exceed the limits of the table, any aliquot part, as a 
half, third, fourth, &c. is to be taken; and those found corresponding are to 
be doubled, trebled, &c. that is, multiplied by the same figure that the given 
number is divided by. 


TABLE ITT. 
Meridional Parts. 


This table is used in resolving problems by Mercator’s sailing, and in 
constructing charts on Mercator’s projection. ‘The meridional parts are to 
be taken out for the degrees answering to the given latitude at the.top or 
beuttom, and for the minutes at either side column. Thus, the meridional 
parts corresponding to the latitude 49° 57’ are 3470. 


TABLE IV. 
Mean Refraction. 


This table contains the refraction of the heavenly bodies, in minutes and 
seconds, at a mean state of the atmosphere, and corresponding to their ap- 
parent altitudes. This correction is always to be subtracted from the appa- 
rent altitude of the object. Hx. The mean refraction to the apparent alti- 
tude 10° 50! is 4! 51’. 


TABLE V. 
Depression, or Dip of the Horizon. 


This correction arises from the elevation of the observer above the sur- 
face of the sea, whereby the visible horizon, or that seen by the observer, is 
below the true; and, consequeutly, altitudes taken with the quadrant are 
too great by a quantity to be taken out from this table, with the height of 
the observer’s eye in feet, and to be subtracted from the observed altitude, 
Ex. The dip for 20 feet is 4’ 17%. 


TABLE VI. 


The Sun’s Parallax in Altitude. 


The sun’s parallax in altitude is exhibited in this table to every tenth de- 
gree, and is always additive to the apparent altitude. 


TABLE VII. 
The Moon’s Augmentation. 


‘The moon’s horizontal semidiameter, as given in the Nautical Almanac, 
is to be increased by a number of seconds, called the augmentation, taken 
out from this table nearest answering to his altitude, in order to give the 
true semidiameter. 


eee 
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TABLE VIII. 
Dip of the Sea at different Distances from the Observer. 


When that part of the horizon immediately under the sun is obstructed 
by land, and the observer is nearer the shore than five or six miles, then, if 
the object be brought down to the line separating the sea and Jand, the dip 
will exceed that shewn in Table V., which is calculated for an open and un- 
obstructed horizon, and will increase as the distance from the Jand dimi- 
nishes. In this case, the dip is to be taken from the present table with the 
height of the eye at the top, and the distance estimated in miles in the side 


column. 


TABLE IX. 
To correct the observed Altitude of the Sun’s lower limb. 


This Table is intended to simplify the usual method of correcting the 
observed altitude of the sun’s lower limb, when taken by a fore observation, 
by shewing the correction at once for the joint effect of the sun’s semi- 
diameter, dip of the horizon, refraction, and parallax; and as it does not 
extend to altitudes less than 5°, the least altitude at which observations can 
be depended on for their accuracy, the corrections are always additive to 
the observed altitude of the sun’s lower limb. These corrections being com- 
puted to minutes and tenths, the tenths may easily be reduced to seconds 
by multiplying them by six. In fhis Table the suv’s semidiameter is as- 
sumed at 16 minutes, and its variation from that quantity in each month of 
the year, given at the bottom of the Table, is to be added to, or subtracted 
from, the correction found in the Table, according as the sign -- or — is 
prefixed to it. 

The simplicity of this Table will appear sufficiently obvious in the fol- 
lowing Examples. 

EXAMPLE I. 


Suppose the observed altitude of the sun’s lower limb, by a fore observa- 
tion to be 49° 57’ 30”, in the month of May, andthe height of the eye 20 
feet ; required the true altitude of the sun’s center. 


3 
Observed altitude of the sun’s lower limb . - 49 57 80 
Correction to altitude 50°, and dip 20 feet - 10’.9 
Correction for variation of sun’s semidiameter in May — © .2 


eet 


10.7=+ 10 42 


True altitude of sun’s center ~ - : - 50 8 12 


EXAMPLE II. 
Let the observed altitude of the sun’s lower limb, taken in the month of 
February, be 12° 32’ 15”, and the height of the eye 14 feet: required the 
true altitude of the sun’s center 


+ This Table was computed by Mr. W. Galbraith, Teacher of Mathematics, at 
Edinburgh, who kindly presented it to the author foi insertion in the present work. 
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A ° 
Observed altitude of the sun’s lower limb . ~ 12 32 15 
Correction to altitude 12° 30’ and dip 14 feet - &,'2 
Correction for variation of sun’s semidiameter + ait OD 
8.4—=+ 8 24 
True altitude of sun’s center - - - - 12 40 39 
TABLE X. 


Sun’s Declination. 


The sun’s declination is given in this Table in degrees and minutes, for 
the years 1828, 1829, 1830, and 1831, at noon om each day of the year 
under the meridian of Greenwich; but will answer for several subsequent 
years by applying the corrections from Table XI.* The Table is to be en- 
tered with the year and month at the top, and the day in either side co- 
lumn, at the same time it is to be noted whether the declination be North 
or South, as expressed in each column. 

TABLE XI. 


To correct the Sun's Declination. 


As the sun’s declination in Table X. is adapted to the meridian of Green- 
wich, when the ship is considerably to the eastward or westward of that 
meridian, it should be corrected by a number of minutes taken from this 
Table (placed at the bottom of the first and second pages of Table X.) 
with the declination at the top, aud the nearest longitude in the side co- 
lumns, to be added or subtracted, as directed at the head of the table. 


EX AMPLE. 
Required the Sun’s declination at noon on Sept. 18th, 1830, in longitude 
108° West. 
Sun’s declination, from Table X. - 1°59! North. - 
Correction for longitude, Table XI. to be sub. — 7 
Sun’s true declination 1 52 North, 
TABLE XIL.* 


This Table is intended to correct the sun’s declination given in Table X, 
for the change that takes place in periods of 4 years. The Table is to be 
entered with the period of years in either of the side columns, and the month 
and nearest day at the top; the minutes of correction there found are to be 
added to, or subtracted from, the declination taken from Table X., answer- 
ing to the number of years, reckoning in periods of 4 years, prior to that of the 
given year, as denoted at the head of the column; that is, the correction is to 
be added when the declination is mereasing, or subtracted when decreasing. 


EXAMPLE. 


Required the Sun’s declination at noon, on February 19th, 1841, at the 
meridian of Greenwich. 

The year 1841 being a period of 12 years after. 1829, find the declination 
in Table X. for the given day in the year 1829, which is 11° 15’S.; then 
enter Table X1.* under the month of February ; opposite the period of 12 
years, and under the 19th of the month, will be found the correction 2’, 
which is to be subtracted from the above declination 11° 15'S. and the re- 
matoder 11°13 S. will be the required declination. 
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TABLE XU. 
Amplitudes. 


This table is intended to expedite the method of finding the variation of 
the compass by comparing the magnetic with the true amplitude: the latter 
is here given in degrees and minutes, and is to be found with the declina- 
tion at the top and the latitude in the left-side column: moreover, when the 
minutes of the latitude or declination are nearly 30, or haifa degree, the 
mean of the amplitudes found for the two nearest degrees will give the am- | 
plitude required, as shewn in the following examples. 


EXAMPLE I. 


What is the Sun’s true amplitude, in latitude 51° 31’ N., when the declina- 
tion is 8°? 


True amplitude by table for lat. 51° and declmation 8° - 12° 47 
- - - - lat. 52 anddeclination8 - 13 4 
2)25 51 

Sun’s true amplitude required - 12 55 


EXAMPLE II. 
Required the Sun’s true amplitude, in latitude 34° 5’, when the declination 


is 16° 32’. 
True gates by table for lat. 34° and declination 18° - 21° 53! 
a = - lat. 34 anddeclination19 - 23 7 - 
2)45 0 
Sun’s true amplitude required - 22. 30 


EXAMPLE IIi. 


On what points of the horizon does the Sun rise and set, in latitude Ot 
36’ N., when his declination is 18° 23/ 8.2 


Sun’s true amplitude for lat. 57° and declination 18° - 34° 34! 
‘s 7 ei Jat. 57 and declination 19 bs 36 43 

= = . lat. 58 and declination 18 - 35 40 

- > - lat. 58 and declination 19 ns 37. «54 
4)144 651 

Sun’s true amplitude required - 36 138 


Hence the sun rises FE. 36° 13’ S., or S. E. 2 E. 
and sets W. 36 13 S., or 8S. W. 3 W. 


In the same manner, the true amplitude of the moon, planets, or stars, 
may be found, when their declination and the latitude are given. | 
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TABLE XHI. 


Semidiurnal and Seminocturnal Arches, 
For finding the Time of the Rising and Setting of the Sun, Moon, or Stars. 


This table exhibits half the time that a celestial object continues above 
the horizon when the declination and latitude are of the same naime, or 
below when they are of contrary names; usually called its semidiurnal and 
seminocturnal arches, from whence the time of its rising and setting may be 
computed: these are to be taken out with the latitude in either side column 
and the declination at the top; then the anyle of meeting will point out the 
arch required, which, if the object be the sun, will be the time of its setting 
when the latitude and declination are of the same name, or of its rising 
when they are of contrary names; and this, subtracted from 12 hours, will 
give the time of the sun’s rising in the former case, and of its setting in the 
ratter: double the time of his rising will be the length of the night, and 
double the time of his setting the length of the day. 

: 


EXAMPLE. 


Required the time of the Sun’s rising and setting, with the length of the day 
aud night, in latitude 51° 31’ N., when the declination is 20° N. 


h. , m. 
The time answering to lat. 51° and declin. 20° is - 7 47 
- - - lat. 52 and declin. 20 “ - 7 51 


2)15 38 
Time of sui’s setting, because lat. and declin. are both N. 7 49 

‘ 12 
Time of sun’s rising “ - - - - 4 11 
Double the rising gives the length of the night - - 8 22 
Double the setting gives the length of the day - - 15 38 


To find the time of a star’s rising and setting, subtract the sun’s right 
ascension from the star’s right ascension (increasing the star’s right ascen- 
sion by 24 hours, if it be less than the sun’s), and the remainder will be the 
time of the star’s passing the meridian*; then the latitude and declination, 
when they are of the same name, will give the time the star takes in ascend- 
ing from the horizon to the meridian, and descending from the meridian to 
the horizon; therefore, if these hours and minutes be subtracted from the 
time of its passage over the meridian, the remainder will be the time of its 
rising, and,.if added, the sum will be the time of its setting. 

But when the latitude and declination are of contrary names, the time 
found as above will be half the star’s continuance under the horizon; con- 
sequently, it is to be subtracted from 12 hours to give half the time of its 
continuance above the horizon; with which proceed as before. 


* The time of 61 of the principal star’s passing the meridian will be found in 
Table XV, 
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HXAMPLE I. 


At what time does the Star Arcturus rise and set on June Ist, in latitude 
51° North. 


h. m. 
Star’s right ascension by Table XIV. - - - 14 7 
Sun’s right ascension, June Ist, by Table XJV.* = - - 4 35 
Time of the star’s passing the meridian - - - 9 32 
‘Time answering to lat. 51° N. and star’s declin. 20°N. is - 7 47 
Remainder gives the time of the star’s rising - am 1 45 
Sum gives the time of the star’s setting = - - > 1719 P. M. 


or 519 A.M. 


EXAMPLE II. 
At what time does the Star Regulus rise and set on May 10th, in latitude 


33° South. 

h. m. 

Star’s right ascension by Table XIV. - 9 59 

Sun’s right ascension, May 10th, by Table XIV.*_ - 3.8 

Time of star’s passing the meridian - 6 51 

Time answering to lat. 33° S. and star’s declin. 19° N,, oie 

tracted forth 12 hours, is - * - - & 26 

Remainder gives the time of the star’s rising - - 1 25 
Sum gives the tinfe of the star’s setting - - - 12 17 P.M. 
or 017 A.M. 


After the same manner, the time of the rising and setting of the planets 
may be computed, observing to take out their declination and passage over 
the meridian from Page IV. of the Nautical Almanac. 


To find the rising and setting of the moon, the time of her passage over 
the meridian is to be taken from Page VI. of the Nautical Almanac, to 
which the minutes from Table XVI. are to be applied, in order to obtain 
the time of its passing the meridian of the given place; then the semidiur- 
nal arch answering to the moon’s declination (given in Page VI. of the N. A.) 
and the latitude of the place, subtracted from the above reduced time, will 
give the approximate time cf the moon’s rising, or, added thereto, will give 
that of setting. But as the moon changes her declination sometiines very 
rapidly, if greater accuracy is required, ‘it must be reduced to the approxi- 
mate time of its rising or setting by Table XVIII.; then the semidiurnal 
arch being again found ‘and corrected by adding the minutes from Table XVI. 
corresponding thereto, and the daily variation | of her passage over thie meri- 
dian, the sum, subtracted from or added to the reduced passage over thie 
meridian, will give the time of her rising er setting. 
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Required the time of the Moon’s rising at St. Helena, in lat. 15° 55'S. and 
long. 5° 43’ W., on July 4, 1830. 
h, m. 
In Page VI. of the N. A. the time of the moon’s passing the meridian 
of Greenwich 1s 11h. 1m, to which 1 minute (the number from 
Table XVI. answering to the daily variation 52m. and longitude 
5° 43’) being added, gives the time of her passing the meridian of 


St. Helena - - - - - - ‘Eb 
Time answering to lat. 16° S. and moon's declin, 183° 8. _ - 6 22 
Remainder gives the approximate time of moen’s rising - 4 40 


The moon's declination at this time reduced to the meridian of Greenwich 
by Table XVIII. is 18° 27’ South. 


h. m, 
Time answering to lat. 16° S. and declin. 18° 27’ S. - 6 22 
Corr. from Table XVI. to 6h. 22m. and daily var. 52m. P + 14 
Semidiurnal arch - - - - - 6 36 
Reduced time of moon’s passing the meridian - - 1k 2 
Time of moon's rising - ~ - - - 4/26 


It must be understood, that the above methods are only approximations, 
and may deviate two or three minutes from the truth; but 1 is presumed 
they will be found sufficiently exact for nautical purposes. 

The semidiurnal and seminocturnal arches may be found independent of 
this table, by adding together the log. tangents of the given latitude and de- 
clination, which sum will be the log. sine of an arch in degrees, &c. to be 
reduced into time, and increased by 6 hours. 


TABLE XIV 
The right Ascensions and Declinations of the principal fixed Stars. 


This table contains the right ascensions and declinations of 61 of the prin- 
cipal stars, taken for the most part from the catalogue published in the 
Nautical Almanac for the year 1818, and computed for the beginning of 
the year 1820, with their annua) variations in seconds and decimal parts of 
a second. Iftheir places are required for auy time subsequent to the year 
1820, the annual variation both in right ascension and declination must be 
multiplied by the number of years and parts of a year clapsed since that 
time, and the product will be the variation from the beginning of 1820 to 
the given time. This variation must always be added to the right ascension 
for 1820, but the variation ian declination is additive or subtractive accord- 
ing as the sign + or — is prefixed to the annual variation ; then the sum or 
remainder will be the right ascension and declinatiou for subsequent years. 
But if the place of a star be required for any time preceding 1820, the va- 
riation inright ascension must be subtracted from that in the table, and the 
variation in declination applied contrary to the sign set against it. 


EXPLANATION OF THE TABLES. ix 


EXAMPLE. 


Required the right ascension and declination of the Star Arcturus in 
June 1828. 


From the beginning of 1820 to June 1828, there are about 83 years, 


h, m. s. 
R.A. of Arcturus (in time) for the beginning of 1820 - 14 7 29 
Annual variation +2s.73 multiplied py 84 gives - + 23 
R. A. of Arcturus for June 1828 - - - 14 7 50 

. ° ie) , 

Declination of Arcturus for the beginning of 1820 20 7 98 N. 
Annual variation — 18".99 multiplied by 83 gives ~ — Sap 
Declination of Arcturus for June 1828 - - 20 4 47N. 


TABLE XV. 
To find the Time of the principal Stars’ passing the Meridian. 


In this Table the apparent times of 61 of the principal stars’ passing the 
meridian are given for every fifth day of each month throughout the year, 
beginning on the first day of each month: and since the stars perform a 
revolution, or return to the meridian in 23 hours 56 minutes and 4 seconds, 
of mean solar time, that is about 4 minutes earlier every day, when the 
time of their transit is required for any intermediate day, it may be found 
by multiplying the number of days since the preceding one given in the 
Table, by 4, and subtracting the product from the time of the transit on that 
day, the remainder will then be the time of the transit on the day required. 
Suppose, for example, we want to know at what time the star Aldebaran 
will pass the meridian on February 14th. Now, by the Table, it appears 
that the star will pass the meridian, on the 11th of that month, at 6h. 46m. ; 
then to find the time of its transit on the 14th, multiply 3, the number of 
days since the 11th, by 4; the product, 12 minutes, subtracted from 6h. 46m. 
will give 6h. 34m., the time of the star’s passage over the meridian on the 
14th February. 

The times shewn in the Table being only approximations, may deviate 
two or three minutes from the truth, but will nevertheless be sufficiently 
exact for the purposes te which they are intended to be applied. 

By the assistance of this Table, the method of finding the latitude by the 
meridian altitude of a star will be greatly facilitated ; for when we know at 
what time nearly a star will pass the meridian, and its approximate altitude 
at that time, there can be no difficulty in making the requisite observation to 
determine the latitude: these opportunities occur frequently in the course 
of a clear night, and may be put in practice by any person otherwise un- 
acquainted with the stars in the heavens; which we shall endeavour to ex- 
plain by a few examples. 

In the first j-lace, the altitude of any star when passing the meridian, may 
be found by adding together the co-latitude of the place of observation, and 
the declination of the star, when they are of the same name, or taking their 
difference when of contrary names; the altitude to be reckoned from the 
South point of the horizon, when the latitude is North, and the contrary 
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when South; but when the sum exceeds 90°, it is to be taken from 180°, 
and Shek one from the opposite point of the horizon, that is, from the North 
in North latitude, and from the South in South latitude. 

Thus, having the time of the star’s transit, or passage over the meridian, 
by the Table, and its meridian altitude nearly by calculation, set the index 
of the Quadrant to that altitude, and a few minutes before the time of the 
stars’ transit, direct the sight towards the North or South points of the ho- 
rizon, as shewn above, and the reflected image of the star will be perceived 
in the Horizon Glass, upon or near the horizon, which being brought into 
contact with it, and kept so until it-arrives at its greatest or meridian alti-~ 
tude, and then read off the Quadrant, the latitude may be found by 
calculation. 

EXAMPLE I. 


Suppose on the evéning of July 6th, the ship being in latitude 36° 30’ N, 
by account, about 9 o'clock, the latitude be required by observing the me- 
ridian altitude of a star. Now by the Table, the star Antares will pass the 
meridian on that day about 9h.16m.: also by Table XIV. the declination 
of that star appears to be 26° 1'S., therefore from the complement of the 
latitude 53° 30’ N. subtract the star’s declination, because they are of con- 
trary names, and the remainder will give the meridian altitude 27° 29’, to 
which set the index of the Quadrant, and directing the sight to the South 
point of the horizon, observe the meridian altitude of the star Antares, and 
thence deduce the latitude. 

There is not the least danger of mistaking the ‘star, as no other will have 
the same meridian altitude at that time. 


EXAMPLE II. 


What star will be on the meridian about 5h. A.M. on February 3d, and 
what will be its meridian altitude, supposing the latitude of the ship to be 
15° 40’ N. by account ? 


h. m. 

By Table XV. the star Arcturus we pass the meridian on 
February Ist, at - - - 17. 6 
Number of days since 2 x 4= * és - pales tases 


Arcturus will pass the meridian on February 3rd, at - 16 58 P. M, 
12 0 


or 4 58 A.M. 


Latitude of the ship by account - - - 15 40 N. 
90 
Oe of the Latitude - - 74 20N. 
Declination of Arcturus by Table XIV. - . 20 TN. 
94 27 
180 


Meridian altitude of Arcturus from the North point apt re 85 33 


horizon es ° 2 oe 
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When the complement of a star’s declination is less than the latitude, of 
the same name, the star will not rise or set, but pass the meridian below the 
pole 11h. 58m. after it has passed the meridian above the pole; its altitude 
being then observed, the latitude may thence be found by rules laid down 
for that purpose. 

Its meridian, or least altitude at that time, is found hy subtracting the 
complement of the declination from the latitude; which altitude is to be 
reckoned from the North or South points of the horizon according to the 
latitude. 

EXAMPLE III. 


At what time will the star Dubhe, in Ursa Major, be on the meridian 
below the pole on December 15th, and what will be its meridian altitude at 
that time in latitude 45° 40’ N. 


h. m. 
Time of Dubhe’s transit above the pole Dec. 11th, Tab. XV. 17 37 
Number of days to December 14th 3 x 4= * Leta! BE 
Time of Dubhe’s transit above the pole Dec. 14th 17 26 
Half interval of the star’s revolution - - ll 58 
29 23 
24 
Time of Dubhe’s transit below the pole Dec.15th = - 5 23 P. M. 
fe) a 
Declination of Dubhe by Table XIV. ° ° e 43 N. 
Complement of the declination - - - 27 17 N. 
Latitude = > - ~ - - 45 40 N. 


Meridian altitude of Dubhe below the pols from ae Now} 18 23 
point of the horizon - 


EXAMPLE IV. 


At what time will the polar star pass the meridian below the pole on 
March 6th, and what will be its meridian altitude in latitude se 30’ N.? 


Time of polar star’s transit above the pole, March 6th 1 50 
Half interval of star’s revolution - oe ~ 1) 58 

13 48 

12 
Time of siar’s transit below the pole, March 6th - 1 48 A. M. 

; fe] 

Declination of polar star by Table XIV. - “ 88 21 

90 
Complement of the Declination - ° - 1 39 
Latitude - - - - . - 61 30 N., 


Poijar star’s meridian altitude below the pole from er 59 51 
North point of the horizon - = 
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TABLE XIIi* 
To find the Latitude by the Polar Star. 


This table is to be entered with the right ascension of the meridian at the 
time of observation; the correction corresponding to which being added to, 
or subtracted from, the true altitude of the polar star, as denoted by the 
sign + or —, the sum or remainder will give the latitude of the place of 
observation. ) . 

The table is calculated particularly for the years 1820 and 1830, but 
will serve with tolerable accuracy for several subsequent years; the cor- 
rectious may, however, be found for any other year, as follows: first 
reducing the right ascension and declination of the star, taken from Table 
XIV., to the given year. 

Find the difference between the right ascension of the meridian and the 
star’s right ascension: if the difference is more than 6 hours, and less than 
12 hours, subtract it from 12 hours; if it is more than 12 hours, and less 
than 18 hours, subtract 12 hours from it; if more than 18 hours, subtract it ° 
from 24 hours; and the remainder, in each case, will be the star’s distance 
from the meridian in time, which reduce to degrees by Table XIX. Find 
the number of degrees at the top or bottom of Table Il., as if it werea 
course, and the complement of the declination, in minutes, as a distance 
corresponding to these, in the difference of latitude column, will be the cor- 
rection required in minutes: this correction added to the star’s true alti- 
tude, if the difference between the star’s right ascension and the right 
ascension of the meridian is more than 6 hours, and less than 18 hours, or 
otherwise subtracted, the result will be the latitude of the place of obser- 
vation. | j 

EXAMPLE, 
May 21, 1840, if the true altitude of the Polar Star be 50° 13’ at 10h. 15m. 
past noon, what will be the latitude of the place of observation ? 


The R. A. of the polar star, in May, 1840, will be lh. Im. 53s., and the 
declination 88° 27'23"N.; consequently the complement of the declination 
1° 33’, or 93 minutes. 


h. m. 
The sun’s right ascension, May 21, (Table XIV*) 3 51 
The time oi observation - - . 10 15 
Right ascension of the meridian s “ 14 +6 
Right ascension of the polar star - - 1 2 
Difference - - ~ - 13.4 
Subtract - - - - “ 12 0 
Polar star’s distance from the meridian - ~ eek 


which taken as a course in Table II., and the Co. declination 93' as a dis- 
tance, give in the lat. column 89 ,4 minutes, or 1°29’, the correction, to be 
added to 50° 13’, the star’s true altitude, because the above difference_is 
between 6 and 18 hours: hence the latitude will be 51° 42’ N. 
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TABLE XIv.* 


The Sun’s mean right Ascension, 


‘The sun’s mean right ascension, contained in this table, is to be taken out 
with the month at the top, and the day in either side columns. It is sufh- 
ciently exact for ascertaining the time of an object’s passing the meridian, 
in order to obtain the latitude by its meridian altitude ; but when greater 
accuracy is necessary, recourse must be had to the Nautical Almanac. 


TABLE XV.* 
To find the Time of High Water. 


This Table is to be entered with the moon’s semidiameter, or the nearest 
to it, taken from Page VII. of the month in the nautical almanac, at the 
top, and the time of the moon’s passage over the meridian, in one of the 
the columns so titled; the correction thus found, which is the effect of the 
sun’s action, in accelerating or retarding the time of high water produced 
by the attraction of the moon, is to be applied to the time of the moon’s 
‘passage over the meridian, according as the sign -+ or — Is prefixed to it 


TABLE XVI. 


To reduce the Time of the Moon’s Passage over the Meridian of Greenwich , 
to the Time of her Passage over any other Meridian. 


The daily variation of the moon’s passing the meridian is the excess of 
time above 24 hours that elapses till her return to the same, and this is 
found by taking the difference between her passing the meridian of Green- 
wich on a given day (from Page VI. in the N. A.) and the preceding, if the 
longitude of the place be east, or that and the following, if the longitude be 
west. 

Now as the moon is constantly advancing to the eastward in the heavens, 
she will therefore pass any meridian to the eastward of Greenwich sooner 
in the day, or a meridian to the westward later, than she does that of Green- 
wich by a certain number of minutes, which is to the daily variation as the 
given longitude of the place is to 360°; and on this principle the table is 
constructed, 

The table is to be entered with the daily variation at the top and the lon- 
gitude of the place in the left side column; then the minutes corresponding 
to these being added to the time of the moon’s passing the meridian of 
Greenwich, if the longitude be west, or subtracted if east, the sum or re- 
mainder will be the time of her passing the meridian of the place. 


EXAMPLE. 


At what time will the Moon pass the meridian of Calcutta, in longitude 
88° 28’ E.on July 28th, 18302 


h. m; 

Moon’s passage over the meridian of Greenwich July 28th, by the | 
Nautical Almanac - 2 e g i 6 26 
Correction corresponding to daily var. 44m. and long: 88° 28’ E- — 1 


Time of moon’s passing the meridian of Calcutta, July 28th. - 6 15 


This table is likewise useful in computing the time of the moon’s rising 
and setting, as shewn in the explanation to Table XIII. 
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TABLE XVII. 
To correct the mean Refraction. 


The refractions contained in Table IV. being adapted to a mean state of 
the atmosphere, that is, when the thermometer stands at 50° and the baro- 
meter at 29.6 inches, if it deviates from this weight and temperature, and 
accuracy is required, it will be necessary, especially in low altitudes, to cor- 
rect the mean refraction by the seconds contained in this table, which are 
to be taken out with the apparent altitude in the side column, and the 
heights of the thermometer and barometer at the top and bottom, to be 
added or subtracted as expressed at the top of the columns. 


EXAMPLE. 


Let the apparent altitude be 5°, the height of the thermometer 72°, and 
that of the barometer 29.2: required the true refraction. 


Mean refraction by Table IV. to 5° altitude ~ 9 54° 
Corr. for alt. 5° and 72° height of thermometer — 31° AO 
- alt. 5° and 29.2 height of barometer — 9 a) 


True refraction required @ 14 


The true refraction may be found by adding to the logarithm of the dif- 
ference between the height of the thermometer and 450, the log. of the 
height of the barometer, the logarithm of the mean refraction in seconds, 
and the constant logarithm 5.92665; the sum of these four logs., rejecting 
10 in the index, will be the log. of the true refraction in seconds. The 
preceding example is thus worked by logarithms :— 


450 — '72° height of thermometer, is 378 log. 2.57749 
Height of barometer - - 29.2 log. 1.46538 
Mean refraction 9’ 54” or - 594 log. 2.77379 

Constant log. 5.92665 


True refraction required 554” or 9' 14" log. 2.74331 


TABLE XVIII. 


To'reduce the Moon’s Declination to any given Meridian, and to any Time 
under that Meridian. ; 


This table contains the proportional part of the variation of the moon’s 
declination in twelve hours, answering to a given time from noon or mid- 
night, and to a given longitude: it facilitates the reduction of the moon’s 
declination, as given in Page VI. of the Nautical Almanac, and is to be en- 
tered with the variation of the moon’s declination in [2 hours at the top, 
and with the longitude and time from the preceding noon or midnight in 
the side columns: the corrections thus found being applied to the declina- 
tion for the preceding noon or midnight, as pointed out at the head of the 
table, will give the moon’s reduced declination. * 


* In the nautical almanac for 1823 and subsequent years, the meon’s declination is 
given to seconds, and when great accuracy is required, may be reduced to. any given 
time at Greenwich by propertional logarithms, and farther corrected for the equation 
of second differente—see Explanation of lables XXXIV. and XXXIX 
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EXAMPLE 1, 


Required the Moon’s declination on June 8th, 1830, at 9h. 25m, 
Greenwich time. 
Moon’s declination, June 8th, at noon, by Nautical Almanac 18° 36'S, 
Cor. answering to var 0° 19’ and time 9h. 25m. - —O 16 
(Pe REC meee 


Moon’s reduced declination ~ 18 20'S 


EXAMPLE Il, 


What will be the Moon’s declination on March Sth, 1830, at 15h. 45m. in 
longitude 75° West 2 
Moon’s declination, March 5th, at midnight, by Naut. Alm. 15° 25'N 
Corr. to var. 1°10’ and long. 75° W. aisriotsil a GP 209! 
- var. 1 10 and time from midnight 3h. 45m,.—0 22 i —O 451 


Moon’s reduced declination - 14 34N 


TABLE XIX. 
To reduce Longitude into Time, and the contrary. 


This table is intended to facilitate the reduction of degrees, &c. of longi- 
tude into time, or of hours, &c. into longitude. The method of using it 
will best appear by inspecting the following examples. 


EXAMPLE I. 
Required the time answering to 42° 13’ 42” of longitude. 


Oy saire.” hs) ms} Sp a 

Time answering to - 42 0 0 is 248 0 0 
. - ~ - 13 0 - 52 0 

: 2 x 3 42 - 2 48 


Ss 


Hence the time answering to - 42 13 42 - 2 48 54 48 


EXAMPLE II. 
Required the degrees, &c. corresponding to 7h. 6m. 48s. 


h. m. s. A 

Long. corresponding to - - 7 4 0 is 106 0 
- - - - ~ 248 - 42 
Hence the long. corresponding to - 7 6 48 - 106 42 


TABLE XX. 
For finding the Distance of terrestrial Objects at Sea. 


When the eye is elevated above the surface of the adjacent land or water, 
we not only see surrounding objects more distinctly, but also see those which 
are more remote the higher we advance. Now, although the irregularity of 
the surface of the land will not udmit of any one rule that will give the dis- 
tance to which objects may be seen at different elevations, yet at sea. where 
the curvature of the water is uniform, those distances may be easily com- 
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puted by means of this table, in which. the distances are exhibited in nautical 
miles and decimal parts, answering to the height of the eye or that of the 
given remote object, allowance having been made for terrestrial refraction. 


EXAMPLE. 


Being at the mast-head looking out for land, and elevated 130 feet above 
the surface of the sea, I discovered the top of a light-house in the hori- 
zon, whose height is known to be 300 feet: required my distance from 
the light-house. 


\ Miles 
In the table opposite 130 feet is - - 13.1 © 
- - - 300 feet is - - - 19.9 


Sum gives the distance of the ship from the light-house 33.0 


TABLE XXI. 


To reduce the Sun’s Declination to any given Meridian, and to any Time 
under that Meridian. 


This table contains the corrections to be applied to the sun’s declination 
as given in the Nautical Almanac, which is computed for noon at Green- 
wich, when it is required for noon at any other meridian, or to any given 
time of the day: it is to be entered with the declination for the nearest 
noon at the top, as found in Page I. of the Nautical Almanac, and the lon- 
gitude or time from noon in the side columns; corresponding to these will 
be found the minutes and seconds to be applied to the above declination by 
addition or subtraction, as directed at the head of the table; that is, when 
the declination is increasing, the corrections are to be added in west longi- 
tude or after noon, and to be subtracted in east longitude or before noon; 
but when the declination is decreasing, the corrections are to be subtracted 
in west longitude or aiter noon, and to be added in east longitude or before 
noon. : 

When the declination and longitude, or time from noon, are not nearly 
found in the table, proportional parts must be used, if great exactness 1s 
required. 

{t must be observed, that this table is subject to an error of a few seconds 
from the sun’s unequal motion in the ecliptic, but it is uevertheless sufficiently 
exact for observations taken at sea.* 


EXAMPLE I. 


Required the Sun’s declination at noon on Sept. 19th, 1830, in longitude 
195° 15’ West. 


Sun’s declination at Greenwich by Nautical Almanac - 1° 35’ 187N. 
Correction for longitude - - - — 6 51 
_ Sun’s reduced declination - 1 28 27N 


* When the sun’s declination is required to the nearest second, the proportioual 
part of the daily variation may be readily found by the proportional logarithms—see 
Explanation and Use of Table XXXIV 


- 
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EXAMPLE II. 


Required the Sun’s declination on June 2nd, 1830, at 4h. 20m. Greenwich 


time. 
Sun's Declination at noon by Nautical Almanac - 22° 9’ 49°N, 
Correction for time - - - - + 1 34 
Sun’s reduced declination - 23° 11 «23 N. 


EXAMPLE III. 


Required the Sun’s declination, April 25th, 1830, at 19h. 36m. in longitude 
71° 50’ West. 


Sun’s Declination, April 25th, by Nautical Almanac - 19° 56° .53°N, 
Correction for longitude 71° 50’ west - + 3' 69° 4 20 
- - time before noon 4h. 24m. - —3 39 
Sun’s reduced declination - 13s eek oes 


It will sometimes happen, when the sun is near the equinoxes, that the 
correction for longitude and time will exceed the declination: in this case, 
if the correction is subtractive, the declination is to be taken from it, and 
the remainder will be the reduced declination of a contrary name to that 
taken from the almanac. 


EXAMPLE IV. 


‘What will be the Sun’s declination on September 23rd, 1830, at 5h, 48m. 
and in longitude 120° West? 


Sun's declination, September 23rd, by Nautical Almanac 0° 1! 49°N 


Correction for longitude 120° W. ~ —7 5 13 32 
-. - time past noon 5h. 43m. - —5 41 
Suns reduced declination - 0 li 4388S 


TABLE XXIL 


To reduce the Sun’s right Ascension to any given Meridian, and to any Time 
unter that Meridian. 


By this table the sun’s right ascension, taken out for the nearest noon 
from Page Il. of the Nautical Almanac, may be reduced to any given time 
or place. It is to be entered with the right ascension at the top, and the 
given longitude or time from noon in the side columns: the corrections 
corresponding to these being added to the right ascension, as above, if the 
longitude be west or the time after noon, but subtracted if the longitude 
be east or the time before noon; the result will be the sun’s reduced right 
ascension. 


D 
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EXAMPLE I. 


Required the Sun’s right ascension at noon, May 9th, 1830, in longitude 
85° West. 


h. m, s. 

Sun’s right ascension by Nautical Almanac - 33.98 
Correction for longitude 85° W. - “ ok 54 
Sun’s reduced right ascension - - 38 417 


EXAMPLE I 


What will be the Sun’s right ascension on October 10, 1830, at 10h. 50m. 
Greenwich time? . 


h. ms. 

Sun’s right ascension at noon by Nautical Almanac - 13 1 25 
Correction for time after noon 10h. 50m. - + 139 
Sun’s reduced right ascension - - 13 3 4 


EXAMPLE III. 


Required the Sun’s right ascension on July 13th, 1830, at 14h. 10m. in Jen 
gitude 120° West. 


h. m. s. 

Sun’s right ascension, July 13th, by Nautical Almanac 7 28 43 

Correction for longitude 120° W. - +1 2i) 19 
- - time before noon 9h. 50m. — 1 40 § 

Sun’s reduced right ascension - - 7 28 24 


TABLE XXIII. 


Logarithmic Sines, Tangents, and Secants, to every Point and Quarter Point 
7 of the Compass. 


This table is useful when the logarithmic sine, tangent, or secant of a 
ship’s course is required to points of the compass: it is to be entered with 
the points in the left side, when they do not exceed 4, and the names at the 
top; but when they are above that quantity, the points are to be taken from 
the right side column, and the names from the bottom. 


‘ | EXAMPLES. 
The log. sine of 3 points is - 9.744739 
‘The Jog. tangent of 6 points is - 10.382776 


TABLE XXIV. 
Logarithms of Numbers. 


This table contains the decimal parts of the logarithms of numbers to six 
places of figures; but as, in most of the calculations which occur in naviga- 
tion, five places are sufficient, it must be observed, that when the sixth 
figure is omitted, if it be five or above, the preceding or fifth is to be in- 
creased by 1; thus the logarithm .966986, when taken out to five places 
only, will be .96699, 
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A logarithm consists of two parts, which are separated by a point; that 
on the left hand of the point is called the index ; the figures on the right 
hand is the decimal part ; and as it is the latter only that is inserted in the 
table, the index must be supplied according to the following rules :— 

The index of a logarithm is always one less than the number of figures in 
the whole number: hence the index of 125 is 2, being one less than the 
number of figures contained in 125; also 2 is the ‘daw of 162.5; for al- 
though here are four figures, yet only three of them belong to the whole 
uumber, the .5 being a decimal figure. Jf the natural number consists of 
decimal ‘figures only, the index is 9 lessened by y the number of cyphers pers 
the first decimal figure: thus the index of .0051 is 7, being 9 lessened by 2, 
the number of cyphers before the first decimal figure ; the index of ,00025 
is 6, because there are three cyphers before the first decimal figure. 


To find: the Logarithm of a natural Number. 


If the number consists of one or two figures only. Enter the first page of | 
the table, and in one of the columns marked No. look for the given number, 
opposite to this, in the column marked Log., will be found the logarithm re- 
quired, to which prefix: the index according to the above directions: thus 
the logarithm of 56 is found to be 1.748188, the logarithm of o4 is 1.973128, 
and of .0025 is 7.397940. 

If the number consists of three figures. Find the given number in the 
ieft-hand column of the table, and opposite, in the column marked 0 at the 
top or bottom, will be the logarithm required, to which prefix the index as 
before: thus the log. of 295 1s 2.469822, of 1.76 is 0.245513, and of .0542 
is 8.733999. 

When the number consists of four figures. Look for the first three figures 
in the left side column (without attending to the decimal point, if there be 
any), and opposite to these, in the culumn marked with the fourth figure at 
the top or bottom, is the logarithm required: thus the logarithm of 1246 is 
3.095518, of 17.95 is 1.254064, and of .2678 is 9.427811. 

Tf the number consists of five or more figures. Find the logarithm of the 
first four figures, as before directed; then multiply the number found op- 
posite in the right-hand column under diff. (which is the difference between 
two adjacent logarithms) by the remaining figures; point off from the pro- 
duct as many figures from the right as the multiplier consists of, and those 
remaining being added to the logarithm of the first four figures, the sum 
will be the logarithm required, to which prefix the index. If the figures 
pointed off to the right hand exceed a half, the unit figure of the remainder 
is to be increased by one.—Example. Required the logarithm of 25047. 
First look in the left side column for 250; opposite to this, in the column 
with 4 at the top, is the logarithm 398634, ‘and in the right side column the 
diff. 173; this multiplied by 7, the fifth figure, gives 1211; from which cut 
off the last figure, and the remainder 121 added to 398684 will give, with 
the index pr efixed, 4.398755, tne logarithm’ required. In this manner the 
logarithm of 598765 will be found 5 777256. 


To find the natural Number corresponding to a given Logarithm, 


If the number be required only to four figures. Look in the table for the 
logarithm nearest to that given, opposite to which will be found the first 
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three figures in the left side colum», and the fourth figure at tae top or 
bottom; the decimal point is then to be placed so that the whole number 
may contain one figure more than that expressed by the index. Suppose, for 
example, the natural number corresponding to the logarithm 2.326929 be 
required: the nearest logarithm to this is 326950, opposite to which is 212 
in the left column, and 3 at the top, which placed after the first three fi- 
gures, and the decimal point fixed according to the index, will give 212.3, 
the natural number required. 

If the number be required to five or more figures. Find the logarithm 
next less to the given one, which will give the first four figures; then take 
the difference between that and the given logarithm, to which annex as 
many cyphers as there are figures wanted above four; divide this by the 
difference found opposite the nearest less logarithm, and the quotient will 
be the remaining figures required. 

For example—To find the natural number corresponding to the logarithm 
4.478309 to five figures: the nearest less logarithm is 478278, answering to 
the number 3008, and the difference between that and the given logarithm 
is 31; to this annex a cypher, and divide by the difference 145, the quo- 
tient will be 2; therefore the number required is 30082. In the same way 
the natural number corresponding to the logarithm 5.497646 to six figures 
is 314518. 

When the given logarithm consists of only five places of figures, add a 
cypher to the fifth figure, and proceed as before. 

If the number required is to consist altogether of decimal figures,, the 
same method must be used to obtain it as shewn above; only observe, that 
9 cyphers lessened by the index are to be prefixed to the number found, 
Thus the number answering to the logarithin 7.819083 is .006593. 


To find the arithmetical Complement of a Logarithm. 


The arithmetical complement of a logarithm is the number it wants of 
10.000000 or 20.000000; and the easiest way to find it is, beginning at the 
left hand, to subtract every figure from 9 except the last significant figure, 
which is to be taken from 10; but if the index exceed 9, it is to be taken 
from L9. Thus the arithmetical complement of 4.478309 is 5.521691, and 
of 10.935547 is 9.064453: it is frequently used’in the rule of proportion, 
and trigonometrical calculations, to cliange subtractions into additions. 

Here follow a few examples to further illustrate the preceding rules. 


Nat. Num. Logarithms, Logarithms. Nat. Num, 
Given 56 to find 1.74819 Given 1.36977 to find 23.43 
1.79 0.25285 2.45637 286.0 
98.76 1.99458 3.56744 3693.5 
596.84 2.775858 9.876542 -75256 
36875 9.566732 5.123562 132911 
156795 5.195333 4.397625 24981.9 


TABLE XXYV. 
Logarithmic Sines, Tangents, and Secants. 


This table contains the logarithmic, or, as they are sometimes called, the 
artidcial sines, tangents, and secants, to each degree and minute of the qua- 
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drant, with their complements or co-sines, co-tangents, and co-secants, to 
six places of figures besides the index; but it may be observed, as of the 
last table, that five places being generally sufficient in the common practice 
of navigation, when the sixth is omitted, and it is 5 or above, the preceding 
or fifth is to be increased by a unit. 


To find the Logarithmic Sine, Co-sine, &c. of any Number of Degrees and 
Minutes. 


If the given degrees be under 45, they are to be taken from the top, and 
the minutes from the left side colunin; opposite to which, in that column 
with the name of the logarithm at top, will be found the required logarithm. 
But if the degrees be more than 45, they will be found at the bottom of 
the page, and the minutes in the right side column; likewise the name of 
the logarithm is to be taken from the bottom of the page. 

When the given degrees exceed 90, they are to be subtracted from 180 
degrees, and the logarithm of the remainder taken out as before. Or the 
logarithmic sine, tangent, &c. of degrees more than 90, is the logarithmic 
co-sine, co-tangent, &c. of their excess above 90 degrees. 


EXAMPLES. 
ih Log. to 6 places. Log. to 5 places 
Required the log. sine of 36 32 —- 9.774729 — 9.77473 
e co-sine of 6118 — .9.681448 — 9.68144 
Pa - tangent of 54 17 —~- 10.148263 — 10.14326 
- -  co-tang.of 42 50 — 10.032877 — 10.03288 
* secant of 19 27 — 10.025519 — 10.02552 
- -  co-secant of 70 33 — 10.025519 — 10.02552 
. sine of 108 36 
- or sine of 71 24 t— 9.976702 — 9.97670 
- or co-sine of 18 36 


To find the Degrees and Minutes nearest corresponding to a given Leg 
. rithmic Sine, Co-sine, &c. 


Look in the column marked at the top or bottom with the name of the 
given logarithm, and, when the nearest to it is found, the corresponding de- 
grees and minutes will be those required; observing that, when the name is 
at the top of the column, the degrees are to be taken from the top, and the 
minutes from the left side column; but if the name is at the bottom, the 
corresponding degrees will be there likewise, and the minutes in the nght | 
side column. 


EXAMPLES. 


The degrees and minutes corresponding to the 
log. sine 9.265390 are 10° 37’ 


co-sine 9.528461 70 16 
tangent 9.70156 26 42 
secant 10.25413 56 6 (9 


The logarithmic sines, &c. taken out to degrees and minutes only, are in 
general sufficiently accurate; but in some of the more rigid astronomical 
calculations, such as clearing the distance in lunar observations, it is fre- 
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quently necessary to take them out to the nearest second: when this is the 
case, they are to be found in the following manner. 


To find the Logarithmic Sine, Tangent, Secant, &c. answering toa given 
"Nu mber of Degrecs, Minutes, and Seconds, 


Find the log. sine, &c. answering to the given degrees and minutes, as 
above, and take out from the proper column the difference of the adjacent 
logarithms to 100 seconds (marked at the top Diff. or D.); multiply this 
difference by the given seconds, and point off the two right-hand figures in 
the product; then those remaining being added to the log. sine, tangent, Or 
secant of the given degrees and minutes, or subtracted from the log. co-sine, 
co-tangent, or co- secant, will give the logarithm required. 

The differences to the sines and co-sines are set down on the right of 
their respective columns: the differences to the tangents and co-tangents, 
being the same, are placed between them; and the differences to the secants 
and co-secants, being the same as those to the co-sines and sines, are to be 
taken from the columns corresponding to the latter. 


EXAMPLE I. 


Required the Log. Sine of 32° 21’ 45”. 
The logarithmic sine of 22° 21’ is - - - 9.728427 
The diff. corresponding to the log. sine of the given degrees and 
minutes is 3382; this multiplied by 45 (the number of econ) + 149 
pointing off two figures, is - - - 


Sum is the log. sine required - - 9.728576 


EXAMPLE Il. 
Required the Log. Co-sine of '71° 40’ 25”. 


The logarithmic co-sine of 71° 40’ is - - - 9.497682 

The diff. corresponding to the log. co-sine of the given degrees 159 
and minutes is 636; this, multiplied by 25, gives - im 

Remainder is the log. co-sine required . - - 9.497523 


EXAMPLE ITI. 
Required the Log. Tangent of Oo ¢ 42’ 20°. 


The logarithmic tangent of 56° 49 is - 10.182516 
The corresponding diff. 459, multiplied by 20, sives - + 92 
Sum gives the log. tangent required - - - 10.182608 


EXAMPLE IV. 
Required the Log. Co-secant of 65° 18’ 23". 


The logarithmic co-secant of 65° 18’ is é ~ - 10.041671 
The diff corresponding to the sine of the given degrees and? ‘ 
was 
minutes is 97, which, multiplied by 23, gives + 


—_———— 


Remainder is the log. co-secant required - 10.041648 
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The logarithmic sines and tangents varying by great differences at the be- 
ginning of the quadrant, it has been thought proper, for the sake of accuracy, 
to give them for the first and second degrees to every 10 seconds, with their 
mean differences, in the right side column: when, therefore, the log. sine or 
tangent of an arch less than 2 degrees is required, it is to be taken out to the 
next less tenth second, and the opposite difference multiplied by the odd se- 
conds; then the product, cutting off one figure to the right, is to be added 
as before. As the sine and tangent of an arch is the co-sine and co-tangent 
of the complement of that arch, the latter may be found when above 88 de- 
grees in a similar way, taking the degrees from the bottom and the minutes 
from the right side, and observing to subtract the proportional part. 


EXAMPLE V. 
Required the Log. Sine of 1° 14’ 43”. 


The logarithmic sine of 1° 14’ 407 is - ~ . 8.336819 
The corresponding diff. 971, multiplied by 3, gives - + 291 
Sum is the log. sine required - - - - 8.337110 


EXAMPLE VI. 
Required the Log. Co-sine of 89° 21’ 25”. 


The logarithmic co-sine of 89° 21’ 20” is - - 8.051054 
The corresponding diff. 1880, multiplied by 5, gives > — 940 
Remainder is the log. co-sine required - - - 8.050114 


To find the Degrees, Minutes, and Seconds, answering to a given Loga- 
rithmic Sine, Co-sine, Sc. 

Find the logarithm next less to the given one, if it be a sine, tangent, 
or secant, or next greater, if a co-sine, co-tangent, or co-secant, and note 
the corresponding degrees and minutes; then take the difference between 
the logarithm thus found and the given one, to which add two cyphers, and 
divide that number by the difference to 100’, the quotient will be the se- 
conds to be annexed to the degrees and minutes before found. 


EXAMPLE I. 


Required the Degrees, Minutes, and Seconds, corresponding to the Log. 
Sine 9.695476. 

The log. sine next less to that given is 9.695450, answering to 29° 44’; 
the difference between this logarithm and the given one is 26, which, with 
two cyphers added, makes 2600, and this divided by 368, the diff. to 100", 
gives the quotient 7” to be annexed to 29° 44’; hence 29° 44’ 7” are the re 
quired degrees, minutes, and seconds, 


EXAMPLE Il. 
Required the Degrees, Minutes, and Seconds, answering to the Leg. 
Co-sine 9.566797. 
The log. co-sine next greater to that given is 9.566951, to which answers 
68° 21'; the difference between this logarithm and the given one 1s 154, 


™ 1. oe ee 
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which, with two cyphers added, makes 15400; this divided by 531, the diff. 
to 100’, gives the quotient 29” to be annexed to 68° 21’; hence 68° 21’ 29° 
are the required degrees, minutes, and seconds. 

But if the logarithm next less or greater than the given one should be 
found in the first four pages ef the table, it will point out the degrees, mi- 
nutes, and nearest less tenth second; then, to find the odd seconds, annex 
but one cypher to the difference found as before, and divide by the differ- 
ence in the right side column. ‘ 


EXAMPLE. 


Required the Degrees, Minutes, and Seconds, answering to the Log. Sine 
8.421604. 

Here the next less logarithm is 8.421123, answering to 1° 30’ 40”: now 
the difference between this log. and the given one, with one cypher annexed, 
is 4810, which, divided by the diff. 799, gives 6’; hence 1° 30’ 46" are the 

degrees, &c. required. 


TABLE XXVI. 
Natural Sines. 


In this table the natural sines are exhibited to every degree and minute 
of the quadrant, and arranged so that the degrees corresponding to the sines 
are te be taken from the top of the page with their minutes in the left side 
columns, and the degrees answering to the co-sines from the bottom with 
their minutes in the right side columns; moreover, as they are given to six 
places of figures, the same'rule with respect to the fifth figure must be ob- 
served when five only are required, as mentioned in the explanation of the 
two preceding tables. 

The natural sine or co-sine of anv number of degrees, &c. more than 90, 
is the same as the natural sine or co-sine of its supplement, found by sub- 
tracting them from 180°; or the natural sine or co-sine of an arch greater 
than 90° is the natural co-sine or sine of its excess above 90°. 


To find the Natural Sine or Co-sine of a given Number of Degrees, Minutes, 
and Seconds ; 
Or, to find the Degrees, Minutes, and Seconds, corresponding to a given Na- 
tural Sine or Co-sine. 

These are to be found as directed for the logarithmic sines, &c. excep 
that the differences to 100” are to be taken from the bottom of that column 
containing the given degrees in the former case, or the nearest natural sine 
or co-sine in the tatter. . 

EXAMPLE f. 
Required the Natural Sine of 32° 21’ 45", or its Supplement 147° 38’ 15”. 
The natural sine of 32° 21’ is - - - 535090 
The difference at the bottom of the column containing the natural 


sine of the given degrees and minutes is 409; this multiplied by >+ 184 
45, pointing off two figures in the product, is - - 5) 
Sum is the natural sine required - - , 535274 


a 
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EXAMPLE II. 
Required the Natura) Co-sine of 71° 40/ 25’, or 108? 19 35". 


The natural co-sine of 71° 40’ is - - 314545 
The difference 460, multiplied by 25, pointing off two figures, is — 115 
Remainder is the natural co-sine required - - 314430 


EXAMPLE III. 
Required the Degrees, Minutes, and Seconds, answering to the Natural 
Sine 495994. 

The natural sine next less to that given is 495964, answering to 29? 44’; 
the difference between this natural sine and the given one is 30, to which 
two cyphers being added, and that divided by 422, the difference at the bot- 
tom of the column, gives the quotient 7% to be annexed to 29° 44’. Hence 
29° 44' 7", or its supplement 150° 15’ 53”, are the degrees, &c. required. 


EXAMPLE IV. 
Required the Degrees, Minutes, and Seconds, auswering to the Natural 
Co-sine 368805. 

The natural co-sine next greater to that given is 368936, to which an- 
swers 68° 21'; the difference between this natural sine and the given one is 
131, to which two cyphers being added, and that divided by 451, the differ- 
ence found at the bottom of the column, gives the quotient 29". Hence 
68° 21' 29”, or its supplement 111° 38' 31”, are the degrees, &c. required. 


To find the Natural Versed Sine of a given Number of Degrees, Minutes, 
and Seconds. 


If the given arch be less than 90°, find its natural co-sine, which subtract 
from 1900000, and the remainder will be the natural versed sine required. 
But if the given arch exceed 90°, find the natural co-sine of its supplement, 
which add to 1000000, and the sum will be the natural versed sine required. 


EXAMPLE f. 
Required the Natural Versed Sine of 20° 39”. 


The natural co-sine of 20° 39’ is 935752, which, subtracted from 1000000, 
leaves 064248, the natural versed sine of 20° 39. 


* EXAMPLE II. 


Required the Natural Versed Sine of 146° 38’ 40°. 
The natural co-sine of 33° 21' 20” (the supplement of 146° 38' 40”) 3s 
835274, which added to 1000000, the sum 1835274 is the natural versed 
sine required. 


To find the Degrees, &c. corresponding to a given Natural Versed Sine. 
Take the difference between the given natural versed sine and 1000000, 
and the remainder will be a natural co-sine; the degrees, &c. corresponding 


E 
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to which, will be those required, if the given natural versed sine be less than 
1000000, but if otherwise, it will be their supulement. 


EXAMPLE, I. 


Required the Degrees, &c. answering to the Natural Versed Sine 098965. 
The above, subtracted from 1000000, leaves 901035, which, taken as a 
natural co-sine, correspouds to 25° 42’ 20”. 


EXAMPLE II. 


Required the Degrees, &c. answering to the Natural Versed Sine 1160172. 

Here 1000000, subtracted from the above, leaves 160172, which, taken 
out as a natural co-sine, corresponds to 80° 46’ 59"; therefore its supple- 
ment 99° 13’ 1” are the degrees, &c. required. 


TABLES XXVII, XXVIII, XXIX. 
Logarithmic Solar Tables. 


These Tables were first constructed by Mr. Douwes, Examiner of the Ma- 
rine Cadets at Amsterdam, for the express purpose of finding the latitude 
by two altitudes of the sun and the elapsed time ; but they are now applied 
to severa) other problems in nautical astronomy. 

These Tables are to be entered with the hour at the top of the page, the 
minutes in the left Land column, and nearest less fifth second at the iop 
of the respective columns, The proportional parts for the remaining 
seconds, are to be taken from the right hand margival columns, from those 
opposite to the logarithms taken from the body of the table: hence the 
time answering to the given logarithm, aud the contrary, may be readily 
found to the nearest second, as will appear obvious by the following 
examples. 

EXAMPLE I. 


Required the Logarithm answering to the half-clapsed Time th. 29m. 20s. 
In Table XXVII. and in the page with L hour at the top, opposite 29 mi- 
nutes, and iu the column marked with 208 at the top, will be found 0.42022, 
the logarithm required. 
EXAMPLE II. 


Required the Log. half elapsed time answering to 1h. 17m. 28s. 
The Log. half-elapsed time (Table XXVIL) answering to 
th. 17m. 25s. is - ! 2 : : TF Sendak 
Proportional part for the remaining 3s. subtractive because the 27 
Logs. are decreasing - - - + a es il 
/ os 


The Log. half elapsed time corresponding to 1h. 17m. 28s. 0.47937 


, EXAMPLE III. 
Required the time answering to the Log. middle time 4.92784 


Log. middle time next less (Table XXVIII.) correspondin . 

to Lh. 40m. 10s. is : ~ - : babies, 
Given Log. middle time - - - - - 4.92784 
Difference . ~ - - - - 19 


In 
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In the Table of proportional parts opposite the nearest less Log., the 
number 20, being the nearest to 19, the above difference, gives 3s.: hence 
the middle time required is th. 40m. 13s. 


EXAMPLE IV, 


Required the Log. Rising of 2h. 55m. 43s. 
The log. rising of 2h. 55m. 40s. (Table X XIX.) is - 4.44662 


The prop. part for 3 seconds, found in the right-hand column op- 9 
posite the above log.is_—- - - - By Vane 3 
‘Hence the log. rising of 2h. 55m. 43s. is - : 4.44685 


EXAMPLE V. 
Required the Time corresponding to the Log. Rising 4.73494. 


The given log. rising is ~ - - - 4.73494 
The log. rising next less is - - - 4.73488 
Dif. — - 6 


In the right-hand column, opposite the above log. the nearest propor- 
tional part is 5, which gives 1 second; this added to ‘4h. 11m. 15s. the time 
answering to the next less log. gives 4h. 11m. 16s. the time required. 


It is necessary to notice, that the indices in these tables sometimes change 
in the columns where they could not be inserted for want of room; this may 
however easily be known, by observing that the first figure of ine decimal 
part of the logarithms change from 9 to 0; for instance , the log. rising of 
Oh. 32m. 25s. is 2.99942, but of Oh. 32m. 30s. it is 3.00164. 


EXAMPLE VI. 
Required the Log. Rising of ih. 43m. 24s. 


The log. rising of 1h. 48m. 20s. is - 3.99972 

The prop. part for 4 seconds, found in the right- Hand Slum 56 
opposite the above log. is - - - + 

Hence the log. rising of 1h. 43m. 24s. is - - 4.00028 


In these Tables, the Logarithms for the first 1en minutes of time varying 
by great differences, the proportional parts for the intermediate seconds 
could not be inserted, they must therefore, if required, be found by the 
rule of proportion. 


TABLE XXX. 
Correction of the Moon’s apparent Altitude. 


This table contains the correction to be added to thé moon’s apparent al- 
titude in order to obtain the true, being the parallax in altitude lessened by 
refraction, the former of which makes the moon appear lower, and-the latter 
higher, than her true place: this correction is likewise used in reducing the 
moon’s apparent distance from the sun, or a star, to the true. The table is 
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to be entered with the moon's apparent altitude to the nearest less tenth 
minute in the left side column, and the minutes of hovizontal parallax at the 
top; the proportional part for the odd minutes of altitude may be found at 
the bottom of the page, observing that when the altitude is less than 10 de- 
grees, to take the proportional part out with the nearest less tenth minute 
of altitude at the side, and the odd minutes at the top. The proportional 
part answering to seconds of parallax is to be taken from the right-hand 
part of the table, opposite the nearest less tenth second, and under the unit 
seconds. If the moon’s parallax is less than 54 minutes, the proportional 
part from the right-hand side of the table, answering to the difference be- 
tween the given horizontal parallax and 54 minutes, is to be subtracted from 
the correction corresponding to the given altitude and 54 minutes. 


EXAMPLE f. 


Required the Correction corresponding to the Moon’s apparent Altitude 
33° 44’ and horizontal Parallax 56’ 57’. 


Correction to altitude 33° 40’ and horizontal parallax 56’ - 45’ 11° 
Proportional part to 4’ of altitude - - — 2 46 
- - to 57” of horizontal parallax - + 48 + 
Moon’s correction required - - - - 45 57 


EXAMPLE II. 


Let the Moon’s apparent Altitude be 48° 36’, and horizontal Parallax 53’ 40"; 
required the corresponding Correction. 


Correction to alt. 48° 30’ and horizontal par. 54’ wi th 34 56” 
Proportional part to 6’ of altitude - - — 4° "7 
~ - to 20” of hor. par. - - — 13 ie 
Moon’s correction required - - - - 34 39 


The correction of the moon’s apparent altitude may be found independent 
of this table, by adding together the log. secant of the apparent altitude (re- 
Jecting 10 in the index) and the proportional logarithm of the horizontal pa- 
rallax; the sum of these will be the proportional logarithm of the parallax 
in altitude, from which subtract the refraction (taken from Table IV.) an-. 
swering to the apparent altitude, and the remainder will be the moon’s cor- 
rection. 

The first example above will be thus worked :— 


° t 
Moon's apparent altitude - 33 44 - Secant - 6.0801 
Moon’s horizontal parallax - 56 57” - Prop. Log. 0.4998 
Moon's parallax in altitude - 47 22 - Prop. Log. 0.5789 
Refraction - . - 1 25 


Moon’s correction ° 45 57 
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TABLE XXXi. 
Logarithmic Difference. 


The logarithms in this table are applied in several methods of reducing 
the apparent to the true distance, particularly in those of Mr. Dunthorne. 
They are to be taken out with the given degree of the moon’s apparent aiti- 
tude at the top, and the nearest less tenth second of horizontal parallax in 
the left side column; the proportional part for the minutes of altitude, 
which is subtractive, is fouud by multiplying the difference to 160 minutes 
taken out of the right side column opposite the horizontal parallax, by the 
given minutes, and striking off two figures to the right; that answering to 
the odd seconds of parallax is found at the bottom part of the page under 
the given seconds, and is also subtractive. This logarithm is likewise to be 
further diminished by a number taken from the bottom of the page answer- 
ing to the sun or star’s altitude. The last correction may be more exactly 
taken from Tables XXXII. XXXIIL. 


EXAMPLE. 


Required the Logarithmic Difference corresponding to the Moon’s apparent 
Altitude 45° 9’, the Sun’s apparent Altitude 10° 14’, and the Moon’s hori- 
zontal Parallax 57’ 34’. 

Log. diff. to moon’s app. alt. 45° and hor. par. 57’ 30” is - 9.995045 

The diff. 150, mult. by 9, gives the prop. part — 13 

Prop. part to 4” of horizontal parallax -  — o - — 26 

Correction for sun’s altitude 10° - — 7 


Logarithmic difference required - - - 9.995019 


TABLES XXXII. XXXII. 
To correct the Logarithmic Difference. 


These tables are intended to correct the logarithmic difference for the 
sun or star’s apparent altitude, with which they are to be entered, and the 
corresponding number subtracted from the logarithmic difference. 


TABLE XXXIV. 
Proportional Logarithms. 

These logarithms were first calculated by Dr. Maskelyne, in order to fa- 
cilitate the operation of finding the apparent time at Greenwich, by com- 
paring the observed distance between the moon and the sun, or a fixed star, 
when reduced to the true, with those set down in the Nautical Almanac, for 
every third hour of Greenwich time; and are likewise frequently applied in 
other calculations where sexagesimals are concerned. The table is to be 
entered either with degrees and minutes, or hours and minutes, at the top, 
and seconds in either side column. Thus the proportional logarithm of 
0° 15’ 36", or Ch. 15m. 36s. is 1.0621. ; 

The proportional logarithm of any given number of seconds is found by 
subtracting its logarithm from 4.033424, which is the logarithm of the se- 
conds in 3 hours or degrees. 
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Proportion by logarithms being performed by adding together the arith- 
metical complement of the logarithm of the first term, to the logarithm 
of the second and third terms, rejecting 10 from the index, this Table may 
therefore be readily applied in finding the fourth term of a proportion in 
sexagesimals ; as we shall shew in the following examples. : 


EXAMPLE I. 


Suppose the Sun’s altitude to decrease 51’ in 16m. 23s. of time, how much 
will it decrease in 8m. 6s. 
As 16m. 23s. - Prop. Log. (Arith. Comp.) 8.9591 
Isto 8m. 6s. - Prop. Log. : 1.3468 
Sois 0° 51’ - Prop. Log. - 5477 


To decrease of alt. 25°13" + Prop. Log. - 8536 


EXAMPLE II. 


Let the altitude of the moon’s upper limb, observed at 3h. 28m. 44s., 
be 20° 3’; and 20° 45’ when taken at 3h. 38m. 20s.; required its altitude 
at 3h. 33m. 47s. 

hm. S. x h.m. s. ° 
Time at first alt. 3 28 44 Timeat firstalt. 3 28 44  Firstalt. 20 
Time at second alt. 3 38 20 Time at req. alt. 3 33 47 Second ait. 20 45 


r 


Diff. 9 36 Diff, 5 3 Diff. © 42 
As 9m. 36s. - Prop. Log. (Arith. Comp ) 8.7270 
Isto Sm. 3s. - Prop. Log. - 1.5520 
Sois 42’ 0” - Prop. Log. - .6320 


To increase of alt. + 22’ 6” Prop. Log. - .9110 
First observed altitudezO 3 O 


20 25 6Altitude of moon's upperlimbat 3h. 33m 47s. 


Although this Table is extended only to 3 hours or 3 degrees, yet by 
taking such terms as exceed those quantities one grade lower, that is, 
esteeming the hours or degrees as minutes, and the minutes as seconds, 
propordons may be worked as above; hence this Table may be very con- 
veniently applied to the reduction of the sun’s or moon’s right ascension or 
declination to any given time at Greenwich. 


To reduce the Sun's Declination or Right Ascension to any given time at 
Greenwich. 


Rule. To the constant logarithm 9.1249* add the proportional logarithm 
of the hours and minutes (taken out as minutes and seconds) since the pre- 
ceding noon, and the proportional logarithm of the daily variation, the sum 
will be the proportional logarithm of the variation in the given time.t 
Always to be added to the right ascension at the preceding noon (taken 
from the Nautical Almanac) but added to or subtracted from the declination, 
according as it is increasing or decreasing. 


* The arithmetical complement of the proportional logarithm of 24 minutes. 
+ Those who are acquainted with the rule of practice may readily find the pro- 
portional part of the daily variation by taking aliquot parts, 


BXPLANATION OF THE TABLE. xxxi 


EXAMPLE ¥f. 


Required the Sun’s declination on August 12, 1830, at 7h. 36m, Greenwich 
time, the daily variation being 18’ 6” by the Nautical Almanac. 


Constant Log. 9. 1249 


Greenwich time - 7h. 36m. - Prop. Log. 1.3745 
Daily variation - 18’ 6" ~- Prop. Log. .9976 
Variation in 7h. 36m.— 5’ 44" 


- Prop. Log. 1.4970 
Declin. at noon Aug. 12 


1@) 
by Nautical Almanac his 4 35N. 


Sun’s reduced declination - 14 58 51N. 


EXAMPLE If 


Required the Sun’s declination March 28th, 1830, at noon, in longitude 
126° East. : 


h. m. 
Time at Ship, March 27th - 24 0 
Longitude in time (XIX.) - 8 24 E. 
Time at Greenwich March 27th 15 36 
h. m. Constant Log. 9.1249. 
Greenwich time - 15 86 - Prop. Log. 1.0621 
Daily variation - 23’ 28" - Prop. Log. ~— .8848 


Variation in 15h. 386m. 4+ 15’ 15” 


ie - Prop. Log. 1.0718 
eclination at noon, March 27, 2 .6 a 

by Nautical Almanac te oe OS 

Sun’s reduced declination 246 13 N, 


EXAMPLE IITe 


“Required the Sun's right ascension, April 21, 1830, in longitude 127° 42! 
West, at 8h. L4im. 15s. 
hm. s. 


eh a 
Time at Ship 8 14 15 Sun’s right ascen. April 21, 1 54 53.3 
Long. in time (XIX.) 8 30 48 W. Sun’s right ascen. April 22, 1 58 37.5 
Time at Greenw. 16 45 3 | Variation in 24 hours 3 44.2 
h. m. - Constant Log. 9.1249 


Greenwich time - 16 45 - Prop. Log. 1.0313 
Daily variation - 3m. 44s. - Prop. Log. 1.6832 


Variation in 16h. 45m. + 2m. 36s. - Prop. Log. 1.8394 
Sun’s right ascen April 21, 


by Nautical Alimarac i Ih. 54 53 


we 


Sun’s reduced right ascension 1 457 29 


KXXii EXPLANATION OF THE TABLES. 


To reduce the Moon’s right Ascension ang Declination ia any given time at 
Greenwich. 


Rule. Tothe constant logarithm 8.8239,* add the proport*enal 'ogarithm 
of the hours and minutes (taken out as minutes and seconds) since the pre- 
ceding noon or midnight, and the proportional logarithm of the variation ia 
12 hours; the sum will be the proportional logarithm of the variation in the 
given time, to be applied as in the preceding rule. 

As the variation of the moon’s right ascension in 12 hours always ex- 
ceeds 3°, the limit of the Table, and the declination sometimes the same, 
in this case, take an aliquot part of the variation, as the half or a third, and — 
the result wiil give the same part of the variation in the given time, which 
multiply by 2 or 3 to find the whole quantity. 


- 


EXAMPLE, 


Required the Moon’s right ascension and declination on May31, 1830 at 3h. 
45m in longitude 75° West. 


h. m. 
Time at place of observation 3 45 
Longitude in time - 5 OW, 
Time at Greenwich ~ 8 45 
‘ oO , ” o 
Moon’s right ascen. at oon May31, 142 25 31 Moon’sdec. at noon May3r, o 30 3uN 
—— at midn. 188 2 32 —— at midn.—— jy 22 45S 
Moon’s variation in r2hours 3) 5 37 1 Variation in 12 hours I 53 24 


ee 


One third of do. I 52 20 


h, m. Constant Log. 8.8239 
Greenwich time 8 45 - Prop. Log. 1.3133 


¥ Variation of R. A. in 12 hours 1°52' 20" - Prop. Log. .2048 
oO ‘ “# 

121 54 - Prop. Log, .3420 
x 3 
Variation of R. A. in 8h. 45m. 4 5 42 


Moon’s right ascen. at noon 
May 31, by Naut. Alm. 


Moon's reduced right ascen. 186 31 13 


h. m. Constant Log. 8.8239 
, Greenwich time 8 45 - Prop. Log. 1.3133 
Variation of declin. in 12 hours 1° 53’ 24” - Prop. Log. -2007 
— . . ; ° y “ ae 
Variation of declin. in 8b. 45m. 1 22 40 - Prop. Log. +3379 
Moon’s declin. at noon M ‘ 
by Nautical Almavac 3 bo oC ee ae 


Moon’s reduced declination 0 52 15S. 


* The arithmetical complement of the proportional logarithm of 12 minutes, 
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TABLE XXXV. 
To correct the apparent Distance. 


This table contains a correction applied in reducing the apparent to the 
true distance by ine approximate methods. It is to be entered with the 
distance at the top or bottom, and the moon’s correction in altitude and in 
distance (or second correction) alternately, in the side column; the differ- 
ence between the numbers of seconds thus taken out is to be added to the 
corrected distance when less than 90°, or subtracted when above. 


EXAMPLE. 


Required the Co-rection corresponding to the Distance 70°, the Moon’s Cor- 
rection in Altitude 36, and the Moon’s Correction in Distanee 19’. 


In the co.umn with 70° at the top, and opposite 36’ in the side column, is 
found 4”; again, in the same column, opposite 13’ in the side column, stands 
1’; the difference of these two numbers of seconds, viz. 3”, is to be added 
to the corrected distance, because it is less than 90°. 

This table is somewhat altered from the original when the distance is 
above 90° (the seconds being the complement to 20 of those formerly given), 
in order to adapt it to an easy and general method of clearing the distance, 
by Joseph de Mendoza Rios, Esq. F.R.S. When his method is used, the 
seconds are to be taken out with the apparent distance at the top or bottom, 
_and the moon’s correction and difference of corrections in the side column. 


TABLE XXXVI. 
Equations to equal Altitudes. 


Observations of the sun, taken when at equal altitudes, afford an easy 
and accuraie method of ascertaining the time shewn by a watch at apparent 
noon, and from thence its error: but since the sun changes his declination 
more or less during the interval between the corresponding altitudes, the 
middle of the times by the watch when they were taken will not be that 
shewn by it when the sun passes the meridian; and hence a correction, call- 
ed the equation to equal altitudes, becomes necessary to be applied to the 
middle of the times, which may be easily computed by means of this table. 

The table is divided into two parts, the arguments of which are the sun’s 
longitude and the interval between the observations ; the former to be taken 
from the top and the atter from the left side column, and when these cannot 
be exactly found, proportional parts must be employed. 

The first part being found, its logarithm is to be added to the log. tangent 
of the given latitude, and the sum will be the logarithm of the reduced equa- 
tion; which is additive or subtractive according to the signs at the top of the 
column when the given latitude is north, but the contrary to that expressed 
by the signs when the given latitude is south. 

The second part is to be taken out in the same manner as the first, and is 
always additive or subtractive, as denoted by the signs at the top of the co- 
jumn from whence it was taken without any regard to the distinction of north 
or south latitude. 

F 


XXXIV. EXPLANATION OF THE TABLES. 


EXAMPLE. 


Let the Sun’s Longitude be VII sigus 17° 45’, the Latitude 57° 9’ N., and 
the Interval 5h. 17m.; required the Equation to equal Altitudes. 


ist Part. 2d Part 
Equation to VII signs 15°, & interv. § hours 128.12 - - 28 82 
Prop. part. to diff. .qg9 for sun’s long. 2° 45’— .54 Diff. .or for sun’s long. 2° 45’ + .00 
- to diff. .12 for time - 317m. + .038 Diff. .o7 fortime - 17m,— 06 
Equation to VIEs 17° 45’, & interv. sh. 17m. 11.66 - - Ps 2.76 
Lat. 57° 9 - Tang. 10.18997 
Equat. first part - 115.66 - Log. 1.06670 
Red. equat. first part -+ 18.06 - Log. 1.25667 


- sec. part + 2.76 


Equation to equal alts. + 20.82 or 20° 49” additive, because both parts 
are so. 
But if we suppose the latitude to be south, then the first part being sub- 
tractive, the difference of the two parts, 15°. 30, will be the equation to equal 
altitudes, and subtractive because the greater part is so. 


TABLE XXXVII. 
To reduce the Equation of Time to any Time at Greenwich. 


This table is to be entered with the difference between the equations of 
time, taken from Page II. of the Nautical Almanac, for the preceding: and 
following noons at the top, and the time from the nearest noon at Green- 
wich in the side column; the corresponding correction is then to be applied 
to the equation of time for the nearest noon, as directed at the head of the 
table. 

EXAMPLE I. 
Required the Equation of Time on December 3d, 1830, at 8h. 30m. 
Greenwich Time. 


; m. §&- 
Equation of time for noon, Dec. 3d, by Nautical Almanac = A Yee 
Correction to difference 24.0, and time after noon 8h. 30m. —- oe. 
Reduced equation of time - - - 9 54.4 


EXAMPLE II. 
Required the Equation of Time on April 8th, 1830, at 16h. 35m. at 
St. Helena, in Longitude 5° 43’ West. 


beatin, 
Time at St. Helena - ky - 16 35 
Longitude in time - - + 23 W. 

16 58 

24 


Time before noon at Greenwich, April 9th 7 2 


Equation of time for noon, April 9th, by Nautical Almanac ~ 1 42.0 
Correction to difference 17.1, and time before noon 7h. 2m. - + 5.0 


Reduced equation of time - - 1 47.0 


Sad 


EXPLANATION OF THE TABLES. XAXV 


TABLE XXXVIII. 
To reduce the Sun’s Longitude to Noon under a given Meridian. 


This table is to be entered with the sun’s longitude for the nvon on the 
given day, taken from Page II. of the Nautical Almanac, in the top column, 
and with the ship’s longitude in the side column; the corresponding correc- 
tion is to be added to the sun’s longitude as above, when the longitude of 
the ship is west, but subtracted when east. 


EXAMPLE. f 
Required the Sun’s Longitude at Noon on Nov. 10th, 1830, in Longitude 
25° West. 
Sun’s longitude, Nov. 10th, by Nautical Almanac VII signs 17° 35’ 30° 
Correction for longitude 25° west : - - + 4 9 
Sun’s reduced longitude - VII signs 17 40 39 


TABLE XXXIX. 
Equations of second Differences. 


If the motion of the Moon in the heavens were uniform, its right ascen- 
sion and declination might be correctly obtained at any given time by pro. 
portion, as shewn in the explanation and use of Table XXXIV., which 
indeed will give them sufficiently exact for most nautical purposes, but as 
that planet is subject to great inequalities in its motion, should its place be 
required to the strictest accuracy, it will be necessary to apply a further 
correction to the right ascension or declination, as found by even propor- 
tion. This correction (called the equation of second difference) is taken 
from the present table; for which purpose it is to be entered with the mean 
of the two second differences of the moon's place, at the top, and the given 
apparent time at Greenwich, after noon, or midnight, in one of the side 
columns ; and if the whole mean second difference be not found at once in 
the Table, the sum of the equations, answering to the several terms that 
make up the whole of the mean second difference, is to be taken for the 
whole equation. 

The right ascension or declination of the Moon corrected for the equa- 
tion of the mean second difference may be obtained by the following 

Rue. Take from the Nautical Almanac four right ascensions or decli- 
nations, two immediately preceding, and two immediately following, the 
given time at Greenwich. Add together the first and fourth, and the second 
and third; half the differeace of the sums will be the mean of the two se- 
cond differences of the four right ascensions or declhinations ; with which 
enter the Table as above directed, and apply the equation so found to the 
approximate value, or that obtained by even proportion, of the right ascen- 
sion or declination ; adding the equation, when the sum of the first and fourth 
right ascensions is less thau the sum of the second and third, or subtracting 
when greater; but always adding it to the approximate value of the decli- 
mation; and the result will be the corrected right ascension or declination 
yequired.* 


* The above rule for finding the mean second differences, and applying the equa- 
tious, is given in the explanation of Lax’s Tables,and is much more simple than that 
by Dr. Maskelyne, in the Nautical Almauac 


XXXVI EXPLANATION OF THE TABLES. 


When the four declinations, taken from the Nautical Almanac, are not all 
North or all South, another rule must be applied; but in those cases, it is 
quite unnecessary to have recourse to second differences, as the true de- 
clination may be obtained by even proportion. 

We shall now prozeed to illustrate the above rules by the following 


EXAMPLE. 


Required the Moon’s right ascension and declination June 21st, 1830, 
corrected for the equations of second differences, at 4h. 30m. Greenwich 
time 


Right Ascensions. Peclinations. 

. ° ‘ 7] fe) / a 

June 20 at midn. 94 12 53 - 18 41 53 

21 atnoon 101 87 54 - 18 33 56 

——— 21 atmidn. 108 56 12 * 13.50) 97 

—— 22 atnoon 116 6 3 - 17 28 34 

Sum of lst and 4th - 210 18 56 ~ 36 10 27 

Sum of 2d and 8d - 210 8&4 6 - 36.43 3 

Differences of sums) - 15 10 - 32 36 

Mean second differences - 7 35 - 16 18 
Equation to diff. 7’ and 4h. 30m. 40-1 Equation to diff. 16’ and 4h. 30m. r12.4 
— diff, 307 ___—_—_—._ 3.6" —— diff. 15” — 1.8 
a4 Lt 8 fe ett) ee ee, Samay ee 


Equation to diff. 7/35” and 4h. 30m. 53.3 Equation to diff.16’18”and gh.3om.114.6==1 55 


PRAY : o r) 
Moon’s rightascen. June21,atnoon I0t 37 54 Moon’s declin, June 21, atnoon 18 33 56 
—— ——— atmidn. 108 56 12 ——————-___—- af midn. 18 9 7 


Variation in 12 hours CP ia Ae ii Variation in 12 hours 24 49 
One third of Variation 26-6 Ms 
h. m. Const. Log. 8.8239 ° - 8.8239 
Greenwich time 4 30 - Prop. Log. 1.6021 - : 1.6021 
4 Var. of R. A.in 12 hrs. 2° 26’ 6” - Prop. Log. 0.0906 Var. of dec. in 12 hours 2 86 
aS ia 24' 49" ; ¢ 0-860$ 
© §4 47 - Prop. Log. 0.5166 o.:) 0 — 
ae Var. in 4h. 3om.0 9 18 1.2865 
Sie ads ah )’s dec-at noon 18 33 56 
2 44 21 : ded 
)’s R. ascen. at noon 101 37 54 )’ approximate dec: 
plas Seer at gh. 3om. g18 24 38 
Pe BRT, 104 22 15 Equa. of mean 2d, diff. + 1 55 
Equa. of mean 2d, diff. ++ 53 )’s corr. red. declin. 18 26 33 
p’s corr. red. R.A, 104 23 8 
TABLE XL. 


Time from Noon when the Sun bears true East or West. 


The most advantageous time for observing the altitude of the Sun ora 
Star, from thence to deduce the time, is when the object bears true East 


EXPLANATION OF THE TABLES. XXXVii 


or West from the observer, or is at its nearest approach to those points* ; 
this Table is therefore intended to determine those times when the latitude 
and declination are both of the same name; for when they are of contrary 
names the object is nearest those points when in the horizon; and in that 
case, the observation should be made when it is near the horizon, but not at 
a less altitude than 6 or 7 degrees, on account of the uncertainty of refrac- 
tion at low altitudes. 

The Table is to be entered with the nearest degree of declination at the 
top, and degree of latitude at the side column, which will give the time 
from noon required, if the object be the Sun; but if it be a Star, proceed 
thus: find the time of the star’s passage over the meridian o1. the given day 
by Table XV., and the time corresponding to the latitude and declination 
of the start from the present Table; which subtracted from, or added to, the 
time of its transit over the meridian, according as the observation is to be 
made befure or after its transit, and the result will be the time required. 


: EXAMPLE I. 
At what time wiil the Sun bear West on May 20th, 1830, in latitude 
3L° 45’ N, 
By Table X. the Sun’s declination on May 20th, 1830, is 19°56’ North. 
The latitude 32° in the left side columu, and the declination 20° at the 
top, give 3h. 38m. the time required, after noon. 
EXAMPLE II. 


At what time will the Sun bear East on February 5th, 1830, in latitude 
10° 30’ South. 
By Table X. the Sun’s declination, February 5th, 1830, is 15° 58'S. 


h. m. 

Time answering to latitude 10° and declination 16° - 38 28 
-—__————. latitude 11° and declination 16° - 3.9 

2) 'Gx32 


bas —__—— latitude 10° 30’ and declination 16° - 3 18 
In this Example, the latitude being less than the declination, and of the 
same name, the Suu will not bear East, but will be at its nearest approach 
to that point, at 3h. 18m. before noon, that is at 8h. 42m. A. M. 
EXAMPLE III. 


~ At what time will the Star Regulus bear due East on February Sth, in 
latitude 47° N. 


h. m, 

Time of star’s transit, February 9th, (Table XV.) - 12 29 

Time answering to star’s declination 18° N. (Table XIV.) and? __ 5 10 
latitude 47° N. - - - Ms ‘ 

Time of star’s bearing due East - - 719 


* When the latitude is less than the declination, and of the same name, the object 
will not pass the prime vertical, or east and west points, but continue to the north- 
ward or southward, according to the name of the latitude and declination, 

¢ This Table will answer for those stars only whose declinations do not exceed 30°. 


XXXVI EXPLANATION OF THE TABLES. 


EXAMPLE TV. 


At what time will the Star « Arietis bear nearest to the west point of the 
horizon on September 28th, in latitude 17° 5’ North. 
By Table XLV. the declination of « Arietis is 22° 36’ North. 


h. m. 
Time of star’s transit, September 28th, (Table XV ) - 13 38 
Time answering to star’s declination 22° 36’ N. and latitude 
l O fr! 2 49 
7 3) N. . 1 “ - = A. 
16 27 


Hence the Star « Arietis will be at its nearest approach to the west point 
of the horizon at 16h. 27m. after noon, or 4h. 27m. A. M. 


, TABLE XLI. 


This table contains the proportional parts to be applied to the moon’s 
horizontal parallax and semidiameter, given in the Nautical Almanac for 
noon and midnight, in order to reduce them to the time of observation: it 
is to be entered with the reduced time since noon or midnight at the top, 
and the difference in 12 hours in either side column. 


TABLE XLII. 
Latitudes and Longitudes*. 


This table contains the latitudes and longitudes, from the meridian of 
Greenwich, of the principal ports, harbours, capes, shoals, rocks, &c. in the 
world, divided into different heads, and arranged according to the country, 
sea, or coast, to which they belong. The manner of finding any required 
place, supposing its situation nearly known, is so obvious, that it needs no 
further explanation. 

The variation of the compass, as it stands at the present time, is occa- 
sionally inserted for the information of such persons as may not have an op- 
portunity of finding it by observation. 


TABLE XLIII. 
Times of High Water. 


This table contains the times of high water at full and change, and the 
vertical rise of the tide at spring tides, the names of the places being alpha- 
betically arranged. 


* The Author, impressed with the importance of this Table, has used every exertion 
to render it as complete and correct as possible, by consulting the works of the best 
Navigators and Astronomers, at the same time comparing them with the most accurate 
charts and surveys, and by procuring the assistance of his nautical friends, from whom 
it has received considerable improvements; he therefore flatters himself the present 
‘Table may be esteemed not only the most extensive, but likewise the most correct, of 
any hitherto published: conscious, however, that errors must exist in a Table which 
depends on observation (althongh he trusts they are few and inconsigerable), he takes 
this opportunity of earnestly requesting the intelligent Mariner to communicate to him 
any he may discover; for it is only by the accumniated knowledge of such men that we 
can hepe to approach perfection on hydrographical subjects. 
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242|241.7 
243)242.7 
2441243 «7 
2451244.7 
2461245.7 
247/245.7 
248|247.7 
249|248.7 


252/251.7 
25§3]252-7 
2541253+7 
25512547} 
256}255.7 
257|250.7 
2531257.7 
259|258.7 
2.60]259 °7 


2.61|260.7 


262|261.7 
2631262.7 
2.641263 .7 
265|264.7 


266/265 .7 


267|266.7 
268|267 .7 


269/268 .7 


270/269 .7 


.271|270 7 


272/277 71 
27 3|272.7 
274273 +7 
275/274 +7 
270/275 «7 
27'7|276.7 
278/277 +7 
279 278 <7 
280]279.4 


" 281|280.7 


282/281 .7 
283}282.7 
284/283 .7 
285|284.7 
286}285 27 
287|286.7 
288|287 .7 
289|283.7 


.3]| 290/289.7 


291|290.7 
292/291 .7 
293{292s7 
2941293 .6 
293|294.6 
296/295 .6 
297|296 .6 
2.98|297 .6 
299)298 .6 
300/299. 6) 


11.8 
I1.9 
$i, 
12 
12. 


Dist Dep.} Lat. || Dist Dep.| Lat. ||Dist| Dep. Lat. ||Dist Dep.| Lat. Dist Dep.| Lat. 


——_——_—- — 


Phe for 7 3 Points. 


; 2 
§ | Dist AES EE is Ue Dep.||Dist| Lat. 
Il OL. co.t 61} 60.7 
| 02.0] 00.2/| 62) 61.7 
3] 03.0] 00.3] 63) 62 7 
4] 04.0 Ona 64| 63.7 
5] 05.0] 00.51] 65] 64.7 
6} 06.0] 00.61] 66 65.7 
a O70 00.7! 67| 66.7 
8} 08.0} 00.31] 68} 67.7 
9 Oyo 09.911 69) 68 7 
IO} 10.9] O1.ol| 70} 69.7 
II] 10.9] OI.1]| 71] 70.7 
12] 11.9] O1.2|| 72) 71.7 
13] 12.9] OF.3]| 73] 72-7 
14] 13.9] OL.4]] 74] 73-6 
1§| 14.9) O1.5]| 75) 74.6 
16] 1§.9| Or.6!| 76) 75.6 
17| 16.9] Or.7|| 77] 76.6 
18] 17.9} OF.3]| 78] 77-6 
I9| 18.9] O1.9]] 79] 78.6 
20] 19.9] O20 80) 79.6 
a1{ 20.9] O2.1/| 81] 80.6 
22, 21.9] 02.2] 82] 81.6 
2.31 22.9] 02.3]| 83] 82.6 
24) 23.y] O2.4]| 84} 83.6 
25} 24.9] O2.4]} 85) 84.6 
16] 25.9} O2.5]| 86} 85.6 
26.9] 02.6]| 87| 86.6 
27.9] 02.7]! 88] 87.6 
28.9} 02.8]| 8g} 88.6 
29-9} 02-9]1 go} 89.6 
30.9] 03-0l] gr} go.6} 08 
Bo 4 i eb es 2} 91.6 
32.8] 03.2] g3f 92.6 
33-8] 03-3/] 94] 93.6 
34-8] 03-4]1 95) 94.5 
35-8} 03-5}! 96) 95 
30.8] 03.6]| 97) 96 
37.8} 03-7]! 98} 97 
48.8} 03.31} gg] 98 
39-8 03-9} FOO} 99 
40.8] 04.0] roilroo. 
41.8} O4.1]} ro2jror. 
42.8] 04.2]] 103/102. 
43.8] 04.3] 104]103. 
44.8} 04.4]] 105|104. 
45.8} 04.5]| 106|105.5 
46.8} 04.6]| 107/106.5 
47.8] 04.7} 108|107.5 
48.8} 04.8]] ro9g}108.5 
49.8] O4.9]} rrol10g.5 
50.8] O5.0]] IIT]II0.5 
51.7] O5.1/| I12|111.5 
52.7} O§.2|| TIZ|112.5 
53-7] 05-3 IT4|113.5 
54+7| O5-4|| T15}114.5 
55-7] O5.5]| rr6]17§.4 
56.7] 05.6]| rt7|116.4 
57-7| O§.7]| 118]117.4 
58.7] 05.8]] r1g]118.4 
1 59.7] O5.9]| L20|1 19.4 
Dist} Dep.| Lat. || Dist] Dep. 


Dep. Dist Lat. Dep. 


og. 


Lat. 


TABLE 1 
Difference of Latitude and Departure for 4 Point. 


T2i|120. et II.9 
122|141.4] 12.0 
123|122.4] 12. 
TUGh1 2 3-04 a 
125}124.4) 12.3 
126]125.4] 12.3 
127|126. Al 12.4 
128]/127.4] 12.5 
129]128.4] 12.6 
_130/129.4) 12.7 
“131|130. 4) 12.8 
132|131.4] 12.9 
133|132.4] 13.0 
134/133+4) 361 
135/13+-3) 13.2 
136/135 +3) 13.3 
137|136.3] 13.4 
138/137 .3| 13.5 
139|138.3] 13.6! 
140|139-3]_ 13-7], 
I41|140.3} 13.8 
142|141.3| 13.9 
143|142.3| 14.0 
144]143.3] 14.1 
145|f44.3) 14.2 
140|145.3} 14.3 
147|146. 3] 14.4 
148/147 .3] 14.5 
149|148.3] 14.6 
_T50)149 +3) 14-7 
15§1|150.3| 14.8 
T5§21f51.3 14.9 
153}152-3) 15-0 
154/153.3| 15.1 
155j154.3] 15-2 
156|155.2] 15.3 
157|156.2| 15.4 
1§3|157.2| 15.5 
159]158.2| 15.6 
160}159.2] 15-7 
161|160.2| 15.8 
162}161.2} 15.9 
163}162.2| 16.0 
1641163.2| 16.1 
165|164.2| 16.2 
166|165.2| 16.3 
167|166.2] 16.4 
168}167.2] 16.5 
169|168.2] 16.6 
170|169.2| 16.7 
T71|170.2| 16.8 
172|171.2| 16.9 
173|172.2| 17.0 
174|173.2| 17.1 
175|174.2| 17.2 
176|175.2| 17.3 
177|176.1] 17.4 
178]177.3| 17.4 
179|178.1| 17.5 
_T80}T79.1 17.6 


Dist ‘Dep. Lat. 


for ‘7 4 Points. 


tenement 


[Dist Lat. | Dep. | Dist| E Lat. Dep. 
18u180.1! 17.7|] 2411239. 9.8 “23.6 
18a}181.1) 17. 5 242/340. 8} 23. 
183)182. 1 17 9i| 243]/241.8] 23. 
184/183.1) 18.0)| 244]/242.8 23.9 
1851184.1| 18.1]| 245|243.8! 24.0 
186|185.11 18.2 2.46|244.8) 24.7 
187)186.1] 18.3]] 2471245.8} 24.2 
183/187.1} 18.4]} 248]246.8] 24.3 
TogHE .1 18.5|| 249]247.8} 24.4 
T90}f8y.1} 18.0]] 250]748.8) 24.5 
Ig1|190.1] 18.7]! 251/249.8] 24.6 
I92/19t.1] 18.8] 2521250.8] 24, 
193|192.3| 18.9]| 25 3/251.8} 24. 
T94H193.1| 19.0]] 2541/252.8] 24.9 
195|194.1] 19.1]| 255|/253.8] 25.0 
196/£95.1) 19.2|/ 256|254.8] 25.1 
197|196.1] 19.3]] 257/255.8] 25.2 
198)/197.0] 19.4|| 258]256.8} 25.3 
199]198.0}] 19.5]] 259|257.8] 25.4 
200]199.0} 19.6]| 260]258-7] 25.5 
201;200.0] 19.7]| 261/259.7! 25.6 
202/201 .0] 19.8]| 262}260.7| 25.7 
203}202.0} £9.9]| 263]261.7| 25.8 
204]203.0] 20.0]| 264]262.7] 25.9 
205|204.0] 20.1|] 265|263.7| 26.0 
200/205 .0} 20.2]| 266|264.7| 26.1 
207|206.0] 20.3]} 267/265.7| 26.2 
208]207.0} 20.4]] 268]266.7| 26.3 
209}208.0} 20.5|| 269]267.7| 26.4 
210}209.0| 20.6]] 270/268.7| 26.5 
211j210.0| 20.7]| 271|269.7} 26.6 
212)/211.0} 20.8]/ 272)/270.7| 26.7 
213}212.0| 20.9]| 273|271.7| 26.8 
2141213.0| 21.0]| 274|272.7} 26.9 
215]214.0| 21.1]} 275|273.7| 27.0 
216/215.0} 21.2]| 276|274.7] 27.1 
217|216.0} 21.3]| 277|275-7| 27.2 
218}216.9} 21.4|| 278!1276.7] 27.3 
219]217.9] 21.5]| 279/277-7] 27-3 
220|218.9| 21.5]| 280/278.7] 27-4 
2211/219.9} 21 7|| 281|279.6) 27.5 
222|220.9| 21.8]| 282/280.6] 27.6 
223|221.9) 21.9]] 283/281.6] 27.7 
224|222.9] 22.0]] 2841/282.6] 27.8 
225/223.9] 22.1]] 285/283.6) 27.9 
-2261224.9} 22.21} 286)284.6] 28.0 
227/225 .9] 22.2]| 2871/285.6] 28.1 
228|226.y| 22.3|] 288/286.6} 28.2 
229/227 .9] 22.4] 289/287.6} 28.3 
2.301228.9] 22.5|/ 290|288.5} 28.4 
231|229.9| 22.6]| 291|289.6] 28.5 
2.321230.9] 22.7]| 2921290.6] 28.6 
2.331231.9] 22.8]| 293/291.6} 28.7 
234|232.9] 22.9|| 294/292.6] 28.8 | 
235|233-9}] 23.0]] 295]293.6] 28.9 
2.361234.9] 23.1|| 296|294.6] 29.¢ 
237|235.9} 23.2|| 297/295.6] 29.1 
238}236.9| 23.3]| 298/296.6] 29.2 
239|237 8] 23-4]| 299|297.6| 29.3 
_240}238.8 2365}! 300|29 29.4 
Dist Dep.} Lat. ||Dist] Dep.| Lat. 


we n niente : sia nab wsiaitil 4 


TABLE I. 3 
Difference of Latttude and Departure for $ Point. 
Dist, Lat. | Dep.||Dist Lat. | Dep Dep.||Dist| Lat. | Dep.||Dist] Lat.| Dep 
t| 01.0} 00.1]| 61} 60.3] 08.9 17.7|| 181|179.0| 26.6] 2411238.4] 35.4 
- 2] 02.0] 00.3]} 62] 61.3] 09.1 17.9|| 182|180.0) 26.7]| 242]229.4] 35.5 
3} 03.0] 00.4]| 63] 62.3] 09.2 18.0}] 183 181.0] 26.8}| 243|240.4] 35.7 
4 04.0] 00.6]| 64} 63.3] 09.4 18.2|| 184]/182.0) 27.0]] 2441241.4] 35.8 
5| 04.9} 00.7 5} 64.3] 09.5 18.3}| 185|183.0] 27.1]] 2451242.3] 35.9 
6| 05.9] 00.9)| 66) 65.3] 09.7 18.5]| 186/184.0) 27.3]] 246/243.3] 36.1 
06.9} OF.0}] 67) 66.3] og.8 18.6|| 187]185.0] 27.4]| 247/244.3| 36.2 
f 07.9] OF.2|| 68) 67.3] To.0 18.8]| 183/186.0) 27.6]! 248/245.3] 36.4 
g} 08.9} OF.3]| 69} 68.2} Io.1 18.9|| 189]186.9} 27.7]| 249/246.3} 36.5 
To} 09-9} OT.5]] 70) 69.2] 10.3 19.1} 1g90|187.9] 27-9]| 250/247.3| 36.7 
II| 10.y} O1.6]) 71} 70.2] 10.4 19 2|| Ig1|188.9} 28.0]] 251|248.3] 36.8 
12) 11.9} O©.8]| 72] 71.2] 10.6 19.4|] 192|189.9} 28.2]] 252/249.3] 37.0 
13} 12.9} OL.9]| 73] 72.2] 10.7 19.5} 193 190.9] 28 .3/| 2531250.3] 37.1 
14] 13.8] 02.1|| 74] 73.2] 10.9 19.7|| 194/191.9| 28.5]| 25§4/251.2] 37.3 
15] 14.8] 02.2]] 75] 74.2] I1.0 19.8] 195 197.9 28.6] 255/252.2| 37.4 
16] 15.8] 02.3]! 76] 75.2] I1.1 20.0|| 196/193.9) 28.8]| 256/253.21 37.6 
17| 16.8} 02.5]| 77] 76.2] 11.3 2,11 197|194.9] 28.9]| 257/254.2] 37.7 
18] 17.8] 02.6]| 78) 77.2] I1.4 20.211 198/195.9] 29.0]] 25%)255.2] 37.9 
19} 18.8} 02.8] 79] 78.1] 11.6 20.4]] 199]196.8] 29.21] 2591256.2] 38,0 
20} 19.8] 02.9]] 80] 79.1] II.7 20.5]| 200]}197.8] 29.3]} 260/257.2! 38.1 
21} 20.8} 03.1/| 81] 80.1] II.9 20.7|| 201/198.8] 29.5]| 261/258.2] 38.3 
22) 21.8) 03.2/| 82] 81.1] 12.0 20.8]| 202/1G99.8] 29.6]] 262/259.2) 38.4 
231 22.7] 03.4]] 83) 82.1] 12.2 21.0|| 203/200.8] 29.8]] 263}260.1] 38.6 
24! 23.7) 03.5]} 84] 83.1] 12.3 21.1|| 204/201.8} 29.9]| 264|26r.1] 38.7 
25) 24.7] 03.71] 85] 84.1) 12.5 21.3] 205/202.8! 30.1!| 265|262.1] 38.9 
26] 25.7] 03.3]| 86] 85.1] 12.6 21.4]| 200/203 .8; 30-4] 260|263.1] 20 0 
27| 26.7| o4.0|| 87| 86.1] 12.8 21.6|} 207 704 30-4 267|264.1|' 39.2 
28| 27.7| 04.1|| 88] 87.0] 12.9 az.7|| 208)205.7| 30.5]! 2681265 .1] 39.3 
29) 28.7) 04.3]] 89) 88.0] 13.1 21.g|] 209/204.7) 30.7|| 269/266.1) 39.5 
30] 29-7; 04.4|| yo} 89.0} 13.2 22-O}] 210|207.7| 30-8]] 270]/267.1) 39.6 
31| 30.7| 04.5|| 91] yo.o 13.3} 22.2|| 211|208.7| 30.9! 271|268.1] 39.8 
32) 31.7] 04.7]| 92] 91.c}] 13.5 2.2..3}| 212|209.7 31.4 272\269.0} 39.9 
331 32.6} 04.8 3] 92.0 13.6 22.4|| 213|/210.7] 31.2j| 273|/270.0) 40.1 
34] 33-6) 05.0]] 94] 93-0] 13.8) 22.6|| 214)211.7 3464} 274/271 .0| 40.2 
35| 34-6) 05.11) 95] 94.0] 13.9] 22.7|| 215}212.7 31.8} 275|272.0| 40.3 
36] 35.6) 05.3]} 96] 95.0] 14.1 22.9]| 210/213.7) 31.7); 270/27 3.0 40.5 
37| 36.6) 05.41) 97] 95.9 Sa 23.0!] 2171214.6) 31.8]! 2771274.0] 40,6 
38) 37.6] 05.6]/ 93] 96.9] 14.4 23.2|| 218]/215.6| 32.0]| 278]/27§.0} 40.8 | | 
39} 38.6] 05.711 99] 97.9 14.5| 23.3]| 219]/216.6] 32.1)| 279/276.0] 40.9 | 
40} 39-6! 05.9] Too} 98.9} 14.7] 160|158.3) 23.5|| 220)217.6) 32-3]| 280)277.0} 4r.1 
41) 40.6] 06.0]} ro1} 99.9 14.8) 151|159.3] 23.6]| 227/218.6) 32.4]| 281/278.0] 41.2 
42) 41.5] 06.2]} 102/100.9} 15.0] 162|160.2] 23.8]| 222/219.6) 32.6]| 282/278.9] 41.4 
43] 42.5] 06.3]| 103/Tor.g| 15.1|/ 163}161.2) 23.9]| 223}220.6] 32.7|| 283/279.9] 41.5 
44) 43.5] 06.5]| 104|102.9] 15.3]] 164/162.2] 24.1|| 224/221.6] 32.9]] 284/280.9] 41.7 
45] 44.5] 06.6)) 105}103.9] 1§.4}| 165|163.2] 24.2]| 225|222.6] 33.0]] 285/281r.y)] 41.8 
46) 45.5] 06.7]| 1o6|104.8] 15.5]| 166]164.2) 24.4]| 226)223.5] 33.2]| 286)282.9] 42.0 } 
47| 46.5) 06.9]| 107|105.8) 15.7|| 167|165.2] 24.5]| 227/224.5] 33.3]| 287/283.9] 42.1 
48) 47.5) C7.0}| 103}106.8! 15 .8)} 168/166.2] 24.6]| 228)225.5] 33.4]| 288/284.9] 42.3 
49] 48.5] 07.2|| Togit07.8) 16.0}| 169]167.2] 24.8]| 229]226.5] 33.6]] 289/285.9} 42.4 
59} 49.5} 07. 3}} 110]108.8] 16.1]| 170}168.2} 24.9]| 230/227.5] 33-7] 290|286.9] 12-5 
51 50.4} 07.5|} 111|109.8] 16.3)) 171|169.1] 25.1]] 231/228.5| 33.9] 291|287.8] 42.7 
52) 51.4) 07.6)) 112/110.8) 16.4]] 172]170.1] 25.2)} 232/229.5] 34.0]] 292/288.8) 42.8 
53) §2.4| 07.8]| 113)111.8) 16.60 173/171.1) 25.4]! 233/230.5| 34.2|] 293/289.8] 43.0 
$4) 53-4] 07.9]| 114]112.8] 16.7)| 174)172.1| 25.5]] 234]/231.5| 34.3]| 294/290.8] 43.1 
58} 54-4] 08.1|| 115}£13.7| 16.9]] 175]173.1| 25.7]] 2351/232.4) 34.5]| 295/291.8] 43.3 
56) 55.4] 08.2|| 110)114.7) 17.0]] 1761174.3| 25.81] 2361233.41 34.6]| 296]292.8)] 43.4 
$7| 56.4] 08.4]) rr7|415.7| 17.2|] 177|275.1| 26.0] 237|234-4] 34.8]] 297/293.8} 43.6 
58] 57.4] 08.5]} 1z8)116.7) 17.3]| 178]176.1] 26.1]| 238)235.4] 34.9]] 298/294.8] 43.7 
59} 58.4] 08.7]] rrgjr17.7] 17.5|| 179|177.3| 26.31] 239/236.4] 35.1] 2991295 .81 43.0 
60} 59.3) 08.81] 120)118.7] 17 6|] 180l178.0] 26.4] 2401/237.4] 38.21] 300/296.8] 44.0 
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Dist| Dep.| Lat. ||Dist] Dep.] Lat. }| Dist Dep. Lat. |i Dist Dep. 
A2 for '74 Points. 


Dist Dep.) Lat. 


4 TABLE lL. 
Difference of Latitude and Departure for 1 Point. 


Lat. | Dep.|/Dist| Lat. .||Dist} Lat. 


——— | ———— rm | | OO OO I ee 


00.2|} 61] 59.8] I1.9]] 121;118.7] 23.6] 181|177.5] 35.3]] 2411236.4] 47.0 
00.4|| 62} 60.8) 12.1}} 12a/119.7] 23.8]| 182/178.5| 35.5]| 242/237.3] 47.2 
00.6}} 63) 61.8] 12.3]| 123)/120.6] 24.0]] 1831179.5] 35.7|] 2431238.31 47.4 
00.8!) 64] 62.8) 12.5]| 124/121.6) 24.2]] 184]180.5] 35.9]] 244/239.3] 47.6 
O1.O|| 65| 63.7] 12.7]| 125|122.6| 24.4]] 185|181.4] 36.1|| 245/240.3] 47.8 
O1.2|| 66) 64.7] 12.9]] 126:123.6] 24.6]| 186)182.4] 36.3]] 246]241.3] 48.0 
O1.4|| 67] 65.7] 13.1]| 127)124.6] 24.8]| 187|183.4] 36.5]| 247/242.3] 48.2 
o1.6|| 68] 66.7) 13.3]| 128/125.5] 25.o}f 188]184.4] 36.7]| 248]243.2| 48.4 
or.8|| 69] 67.7} 13.5]] 129|126.5] 25.2]| 189]185.4] 36.91] 249]/244.2] 48.6 
02.0]/ 70] 68.7] 13.7]] 130/127.5] 25.4]] Ig0]186.3} 37.1/}.250/245.2| 48.8 
02.1]} 71| 69.6) 13.g}| 131/128.5] 25.6]| 191|187.3) 37.3] 251/246.2] 49.0 
02.3]| 72] 70.6) 14.0}] 132/129.5] 25.3)]| 192/188.3] 37.5] 2521247.2] 49.2 
02.5|] 73] 72.6) 14.2}| 133)130.4] 26.0]| 193]/189.3] 37-7]|| 253/248.1] 49.4 
02.7|| 74) 72-6) 14.4]] 134/131.4] 26.1}| 194/190.3] 37.8]| 254/249.1] 49. 
02.9]] 75) 73-6) 14.6]] 135/132.4] 26.3]| 195/191.2] 38.0]] 255|250.7] 49.7 
03.1|| 76) 74.5] 14.8]] 136/133.4] 26.5§]| 196|192.2] 38.2/) 256/251 . 
03.3|| 77] 75-5] 15.ol] 137/134.4| 26.7]] 197/193.2| 38.41] 257/252 
03.5|| 78] 76.5] 15.2]| 138/135.3] 26.g|| 198]194.2 38.6! 2581253 
03-7|| 79] 77-5] 15.4]] 139/136.3] 27.1] 199]195.2] 38.3]] 2591254 
03.9]] 80] 78-5} 15.6]| 140/137-3] 27-3/| 200]196.2| 39.0]] 260/255 
O4.1j| $1] 79.4) 15.8]| 141|/138.3] 27.5]| 201|197.1 39 4 261|256.0 
04.3|| 82] 80.4] 16.0} 142/139.3] 27.7|| 202|198.1] 39.4]] 262]257.0 | 
04.5]| 83] 82.4] 16.2]| 143]140.2! 27.9]| 203]/199.1| 39.6]| 2631257.9 | 
04.7|| 84] 82.4) 16.4]| 144/141.2] °28.1|} 204/200.1} 39.8]] 264/258.9 
04.9] 85] 83.4] 16.6]] 145|142.2] 28.3]] 295)201.1] 40.0}] 265/259.9 
O5.1|| 86] 84.3] 16.8]| 146|143.2] 28.5|| 206/202.0] 40.2]! 266)260.9 | 
05.3]] 87| 85.31 17.0]] 147|144.2} 28.7|| 207/203.0] 40.4'| 267/261.9 : 
0§.5|| 88} 86.3! 17.2|| 148]145.2] 28.9|| 208)204.0] 40.6] 268)262.8 
05.7|| 8g} 87.3) 17.4]] 149|146.1| 29.1]] 209]205.0 40.8, 269|263.8 : 
0§.9]| go} 88.3} 17.6|| 150]147.1} 29-3]] 210]200.0] 41.0] 270)264.8 
06.0] 91] 89.2] 17.8]| 151|148.1| 29.5|| 211|206.9] 41.21] 271/265 : 
06.2]| 92] 90.2! 18.0]] 152/149.1] 29.7]| 212]207.9] 41.4] 272/266 
06.4|/ 93} 91.2] 18.1]] 153]150.1] 29.9}| 213]208.9] 41.6)| 2731267 
06.6]| 94] 92.2) 18.3]] 154/151.0] 30.0|| 214}/209.9] 41.7|| 274/268 
06.8]| 95} 93.2} 18.5]| 155|152.0] 30.2] 215|210.9] 41.9] 275/269 
07.0}| 96] 94.2] 18.7]! 156]153.0] 30.4|| 216/211.8] 42.1|| 276/270 
07.2|| 97] 95.1] 18.9]] 157|154.0] 30.6]| 217|212.8] 42.3|| 277|271 
07.4|| 98] 96.1] 19.1|] 158|I55.0] 30.8]| 218/213.8] 42.5]| 278]272 
07.6]| 99] 97.1] 19.3]] 159)155.9] 31.0]] 219]214.8] 42 7\| 279)273 
07 .8|/ 100] 98.1] 19-5]} 160|156.9] 31.2] 220)215.8) 42.9] 2801274.6) 
08.0] ror} 99.1] 19.7]]} 16r/157.9] 31.4]] 221|216.7 43.1 281|275.6 
08.2]| Ioa|I00.0} 19.9]] 162]158.9] 31.6)| 2221217.7] 43.3) 282/270. 
08 .4|| 103Z|I1OI.0} 20.1|| 163/159.9| 31.8]| 223]/218.7] 43.5 | 2831277. 
08 .6|] 104]I02.0} 20.3]] 164]/160.8) 32.0]] 2241219.7| 43.7!) 284|278. 
08.8]} 105|103.0] 20.5|| 165|161.8) 32.2]1 225|220.7] 43.9! 285)279. 
09.0]| 106]104,0} 20.7|| 166/162.8] 32.4]| 226]221.71 44.11) 286|280 
09 .2|| 1O7|104.9] 20.9]} 167)163.8] 32.6]] 227/222.6] 44.3)) 287/281 
09.4] I08]105.g] 21.1]} 163)164.8) 32.8]| 228)223.6) 44.5 | 288]282 
09 .6)| TOg]106.9] 21.3]| 169)/165.7}| 33.0l| 229/224.6] 44.7] 289/283 
09 .8]} 1TO0]}107.g} 2I.5§|| 170|/166.7] 33.21] 230]225.6] 44.9! 290/284 
10.0|| I11|108.9} 21.7|| 171|167.7| 33.4]| 2311226.6] 45.1} 291/285.4 
1O.1|| T12]10g.8} 22.9|| 172/168.7] 33.6]! 232/227.5] 45.3] 2921286.4 
-O| 10.3]| 113|110.8] 22.0] 173/169.7] 33.8]| 233;228.5] 45.5i] 293/287.4 
-O| 10.5|| 114|r11.8} 22.91] 174/170.7] 34.0]| 234/229.5] 45.7,| 294/288.3 
9} 10.7)| I15|112.8) 22.4]| 175)171.6| 34.1]] 235]230.5 45.8) 295/289. 3 
-9} 10.9]} 116|113.8} 22.6]) 176/172.6) 34.3]] 236/231.5] 46.0) 296)290.3 
OQ] IT.1|| 117|114.7| 22.8]| 177|273.6] 34.5|| 2371232.4] 46.2)| 297|291.3 
9} 11.3]| 178]115.7] 23.01 178|174.6) 34.7|| 238)233.4| 46.4]| 298]292. 3 
| 11.5)} I1g|116.7| 23.2]| 179|175.6| 34.9] 239|234.4] 46.6|| 299]293.3 
53-8] 11.7]| 120]117.7| 23.4]| T80}t76.5) 35.1|| 2401235.4| 46.81] 300)294.2 
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for 6} Points. 


TABLE J. | 


Difference of Latitude and Departure for 2 Points. 


Dist| Lat. | Dep.||Dist] Lat. | Dep.j/Dist} Lat. | Dep.||Dist| Lat. | Dep.||Dist| Lat.| Dep. 


~<a — 
ee 


1| 00.9] 00.4]] 61] 56.4) 23.3]] 121]t1r.8] 46.3]) 181|167.2) 69.3}] 2471222.7) 92.2 
aj OF.8} 00.8]| 621 57.3] 23-7] 122)%12.7] 46.7]| 182/168.2] 69.7]! 242]223.6] g2 6 
3| 02.8] or.1|] 63] 58.2) 24.1/] 123/113.6) 47 1|| 183/169.1) 70.0] 243]224.5] 93.0 
4| 03.7]. 01.5]| 64] 59.1] 24.5]} 124]/114.6) 47.5|| 184]170.0} 70.41] 244]225.4] 93.4 
5} 04.6] OF.ol| 65] 60.1] 24.9]] 125]715.5] 47.8]] 185]170.9] 70.8} 245}226.4) 93.8 
6} 05.5] 02.31] 66] 61.0} 25.31 126)116.4] 45.21) 186}171.9} 71.21] 246/227.3] 94.1 
7] 06.5} 02.7]] 67] 61.9) 25.6] 1271117. 3)u48.6|) 187/172.8) 71.6) 247)228.2] 94.5 
8} 07.4] 03.11] 68] 62.8] 26.0] 128]118.3}%4g.0]] 188]173.7] 71.9 248]229.1] 94.9 
g} 08.3] 03.4|] 69] 63.8] 26.4]} r29]179.2] 49.41] 189]174.6] 72.3]] 2491230.1] 95.3 
1 | ro] 09.2] 03.81 Fo} 64.7} 26.81) 130]120.1] 49.8]! 1g0]175.5} 72-7]] 250)231-0] 95.7 
1} ai| 10.2 04.2l} 1} 65.6) 27.2]) 131|121.0) 50.1|/ 191]176.5! 73-1}! 2§11231.9] 96.1 
12] 11,1] 04.6]} 72] 66.5] 27.6]| 132]122.0} 50.5]| 1921177.4] 73-5]] 252|232.8] 96.4 
13] 12.0] ©5.0]| 73] 67.4] 27.9]! 133]122.9] 50.9]] 193/178.3] 73-9]| 2531233-7| 96.8 
14| 12.9] 05.4]] 74] 68.4) 28.3] 134/123.8] 51.3] 194/179.2| 74.2]! 2541234.7| 97.2 
15] 13.9} 05-7]| 75) 69.3} 28.7/] 135]124.7] 51.7|| 195]180.2) 74.6]| 255/235.6] 97.6 
10] 14.8] 06.1] 76} 70.2] 29.1]] 136/125.7] 52.0] 196/181.1] 75.0] 256/236.5] 98.0 
17| 1§.7| 06.5|| 77] 71.1) 29.5]| 137|126.6) 52.41 197/182.0] 75.4] 257/237.4| 98.4 
18] 16,6] 06.9]| 78] 72.1] 29.9|| 138]127.5] 52.8]) 198/182.9] 75.8]] 258]238.4! 98.7 
19) 17.6] 07.3]] 79] 73-0] 30.2|] 139]128.4] 53.21] 199]183.9] 76.2/| 259/239.3) 99.1 
20| 18.5] 07.7/| 80] 73-9] 30.6]| T40]129.3] 53.6! 200/184.8] 76.5]| 260|240.2] 99.5 
21) 19.4] O8.ol] Sx] 74.8] 31.0]] 141/130.3] 54.0]f 201|185.7| 76.9]| 261/242.1] 99.9 | Ff 
22| 20.3) 08.4]| 82] 75.8] 31.4]] 142]131.2) 54.3]) 202/186.6) 77.3]| 2621242.1|100.3 
23) 21.3) 08.8]! 83] 76.7] 31.8]] 143/132.1] 54.7] 203/187.6| 77.7|| 263}243.0|100.6 
24|'22.2| 09.21] 84] 77.6] 32.11] 144/133.0] 55.1|| 204/188.5] 78.1]| '264|243.9|10r.0 
25] 23.1] 09.6!) 85] 78.5] 32.51 145]134.0] §5§.5]] 205|189.4] 78.5]! 265|244.8 101.4 
26] 24.0] 10.0]| 86] 79.5] 32.9]] 146/134.9] §5.9]] 206]190.3] 78.8]| 2661245 .8|101.8 
27| 24.9] 10.31] 87] 80.4] 33.3]| 147|135.8] 56.3|| 207/191.2| 79.2|| 267/246.7/102.2 
28| 25.9] 10.7]| 88] 81.3] 33.7]] 148]136.7] 56.6] 208]192.2| 79.6!) 268/247. 6)102.6 
29| 26.8] 11.11] 89] 82.2] 34.1]] 149|]137.7| 57.0]] 209]193.1| 80.0]] 269/248.5|102.9 
30] 27-7] 11-5|| 90} 83.2] 34-4]] 150]138.6) 57.4) 210]194-0] 80.4]! 270]249.5|103.3 
31| 28.6] It.9]| gx} 84.1] 34.8]] 151|139-5] 57.8]| 21z|194.9] 80.8)| 271]250.4/103.7 
32| 29.6) 12.2]] 92] 85.0] 35.2] 152]140.4] 58.2]| 212]195.9) 8Tell| 272/251.3/104.1 
3] 30.5] 12.6]] 93] 85.9] 35.6]] 153/141.4) 58.6] 213/196.8) 81.5]| 273/252.2/104.5 
34] 31.4] 13.0]]. 94] 86.8] 36.o}] 154/142.3] 58.9] 214|197.7) 81.9]] 274/253.1/104.9 
35} 32-3] 13-4]| 95] 87.8} 36.4|] 155]143.2) 59.3]) 275]198.6] 82.3]/ 275/254.1/105.2 
36] 33.3] 13.8]! 96) 88.71 36.7]P 156/144.1] 59.7]| 216/199.6] 82.7]| 276/255.0/105.6 
37| 34.2] 14.2]] 97] 89.6] 37.1]] 157|145.1| 60.2/] 217/200.5] 83.0]] 277/255.9|100.0 | 
38] 35.11 14.5]| 98] 90.5} 37.5]] 158]146.0] 60,51] 218]201.4) 83.4]| 278]256.8}106.4 
39| 36.0] 14.9]} 99] 91.5] 37.9]| 159|146.9] Go.gl] 219]202.3] 83.81] 279/257.8}106.8 
_ 40] 37-0] 15.3] 100] 92.4] 38.31] 160/147.) 61.2] 220)203.3] 84.2]| 28c)258.7)107.2 | 
41} 37.9] 15.71) rot] 93.3] 38.7]] 161|148.7| 61.6|| 221]/204.2| 84.6)| 281/259.6]107.5 
42| 38.8} 16.1]| 102] 94.2] 39.0]] 162]149.7] 62.0]] 222]205.1] 85.0]] 282/200.5]107.9 
| 43] 39-7 16.5}| 103] 95.21 39.4] 163]150.6} 62.4]| 223/206.0} 85.3]] 283/261.5/108.3 
44| 40.6] 16.8]] 104} 96.1] 39.8} 164|251.5] 62.8]| 224/207.0| 85.7]| 284}262.4/108.7 
45| 41.6] 17.2|| 105] 97.0] 40.2]! 165/152.4] 63.1]] 225|207.9] 86.1] 285|263.3]109.1 
46| 42.5] 17.6]| 106] 97.9] 40.6]] 166/153.4] 63.5]] 226]}208.8]. 86.5]| 286/264. 2/109.5 . 
47| 43.4] 18.0|] 107 Lge 4.0] 167|154.3] 63.94] 227]/209.7| 86.9} 287/265.2|109.8 
48] 44.4] 18.4]| 108] 99.8] 41.3]] 168]155.2] 64.3]| 228]210.6) 87.3]| 288/266. 1|110.2 
49] 45.3] 18.8]] rog]100.4) 41.7]] 169|/156.1] 64.71} 229|211.6] 87.6] 289|267.0}110.6 
50} 46.2] 19.1]| rro}ror.6| 42.1|| 170/157.1} 65.41] 230/212.5| 88.0]| 290]/267.9|111.0 : 
51] 47-1] 19.5]| 1r1]102.6] 42.5]] 171]158.0] 65.4] 231/213.4] 88.4] 291/268.9]111.4 ‘ 
$2] 48.0} 19.9] 112]103.5] 42.9)| 172|158.9] 65.8]|-2321214.3] 88.8]] 292/269.8)111.7 | f 
53] 49-0] 20.3]] 113]104.4] 43.2|] 173/159.8] 66.2]] 2331215.3] 89.2|| 293/270.7|112.1 
541 49.9] 20.7]| rr4}ro5.3] 43.6|| 174/B60.8] 66.6} 234/216. 2] 89.6|| 294/272. Ol172.5 
55} $0.8] 21 I1§}106.3] 44.0] 175|161.%7| 67.0]] 235/217.1| 89.9]] 295]272 5|112.9 
56| 51.7] 21 T16|107.2] 44.4]] 176]/162.6) 67.4]) 236)218.0) 90.3]| 296]/273.5|113.3 
57| 52.7| 21 117|108.1) 44.8] 1771163.5] 67.7]| 237/219.0] 90.7]| 2971/274.4|113.7 
53] 53.6] 22 I18|10g.0] 45.2]] 178)164.5] 68,1]] 238]219.9) 9I.1/] 2981275.3]/114.0 
59| 54.5] 22.6]/-119|109.9] 45.5|| 179/165.4| 68.5)]| 239]220.8] 91.5!) 299/276.2)114.4 
60} 55-4] 23 I20|1T0.9] 45.91] 180|166.3) 68.9]] 240]221.7] 91.8] 300|/277.2/114.8 


—— | OO OR eee" | | Oe | I | I SS | | |] | — | —_) | -————_ | -  - 


Dist] Dep.| Lat. |/Dist] Dep.| Lat. |]Dist] Dep. 


Lat. ||Dist| Dep.j Lat. ||Dist| Dep.| Lat. 
for 6 Points. 


\ . TABLE 1. 9 : 
Difference of Latitude and Departure for 2 4 Points. 


Dist} Lat. | Dep. Dist| Lat. | Dep. Dist| Lat. Dep.||Dist] Lat. | Dep. [Dist] Lat. Dep. 
I} 00.9] 00.4]} 61] 55.1) 26.1] t2z]109.4| 51.7|| 181/163.6) 77.4]| 241|217.9|103.0 
2) OF.8| 00.9] 62] 56.0) 26.5]] 122/110.3) 52.2]/ 182/164.5] 77.8]] 242/218.8]103.5 
3] 02.7] 01.31] 63] 57.0] 26.9]| 123/112.2] 52.6]! 183/165.4] 78.3]| 2431219.7]103.9 
Al 03.6] OF.7|| 64) 57.9} 27-4]| T24]IT2.1] 53.0]] 184/166.3] 78.7]| 244/220.6/104.3 
5| 04.5} 02.3] 65] 58.8] 27.8]] 125/113.0) 53.5]] 185|167.2| 79.1|| 245/221.5/104.8 
6} 05.4) 02.6] 66) 59.7] 28.2]] 126)113.9] 53.9]! 186/168.1] 79.5]] 246/222.4]/105.2 
71 06.3] 03.0]| 67] 60.6) 28.6)) 127/114.8] 54.3]! 187|169.0} 80.0]! 247/223.3]105.6 
8] 07.2) 03.4] 68] 61.5] 29.1]) 128/115.7]| 54.7|| 188]/16y.9] 80.4]) 248]224.2|106.0 
g} 08.1] 03.8]] 69} 62.4) 29.5]| 129/116.6] 55.2] 189]170.9] 80.8]| 249/225.1/106.5 
IO] 09-0} 04.3]] 70}, 63.3] 29.9]] 130]117.5] 55.6|| 190/171-8} 81.2 250/226 .0|106.9 
II| 09.9] 04.7]] 71} 64.2] 30.4]| 131/118.4) 56.0]] 191/172.7| 81.7]| 251/226.9|107.3 
12] 10.8] O5.1]] 72} 65.1} 30.8|| 132/119.3] 56.4]! 192/173.6] 82.1]| 252|227.8|107.8 

| 13{ 11.8] 05.6|| 73] 66.0} 31.2]| 133]120.2] 56.9]| 193]174.5] 82.5]| 253/228.7|108.2 
14] 12.7] 06.0]] 74) 66.9] 31.0]] 134\t21.1| 57.3]| 194]/£75.4| 83-0] 254)229.6/108.6 
15} 13-6] 06.4|| 75| 67.8] 32.1]] 135/122.0] 57.71 195|176.3] 83.4]| 255|230.5|109.0 
IS! 14:5] 06,8|| 76] 68.7] 32.5]] 136/122.9} 88.2)! 196]177.2| 83.8]] 256/231.4|109.5 
17} 15.4] °7.3]) 77] 69.6] 32.9]| 137/123.8} 58.6] 197]178.1 »2/l* 25.71232, 51109 .9 
18] 16.3] 07.7|| 78} 70.5] 33-4]| 138/124.7]| 59.0] 1981179.0] 84.7]! 258]233.2|110.3 
19] 17-2) O8.1]/ 79} 71.4] 33-8]| 139]t25.7] 59.4]] 199|179.9] 85.1]| 259]234.1|110.7 

_20} 18.1) 08.6) 80] 72.3] 34-21] T40/£26.6] §9.9|| 200/180.8] 85-5]| 260/235 .o]111.2 
21) 19,0] 09.0) 81} 73.2] 34.61] 141|127.5| 60.3]| 201]/181.7 -Q|| 2611235.9|111.6 | f 
221 19.9] 09.4|| 82] 74.1] 35.1]| 142/128.4] $0.7]} 202]182.6 4 262/030 oO 
23| 20.8] 09.8]| 83! 75.0] 35.5]] 143]/129.3] 61.21] 203/183.5 |] 2631237 «7/82. § 
24{ 21.7) 10.3]| 84] 75.9] 35.9]| 144|130.2) 61.6]! 204/184.4 21 264/238.7/112.9 
25| 22.6) £0.7]| 85) 76.8} 36.3]| 145|131.1| 62.0|] 2051185.3) 87.7|| 265)239.6|113.3 
20) 23.5) II.1|| 86] 77.47] 36.8]| 146/132.0] 62.4!) 206/186.2] 88.1) 266)240.5/113.7 
27) 24.4) I1.5|| 87) 78.6! 37.2|| 147|/132.9| 62.9]] 207|187.1] 88.5|| 267/241. 4/114.2 
28) 25.3] 12.0]] 88] 79.6] 37.6]| 1481133.8] 63.3]] 208]188.0] 88.9)| 268/242.3/114.6 
29) 26.2] 12.4|] 89] 80.5] 38.1]] 149/134.7] 63.7]] 209|188.9] 89.4] 269/243.2/115.0 

_ 30] 27.1| 12-8] go} 81.4] 38.5]] 150)135.6] 64.1)| 270/189.8) 89-8)) 270/244. 1/115 «4 
31} 28.0) 13.3]} g1| 82.3] 38.9]| 151/136.5] 64.6]] 211/190.7] 90.2)| 271/245 .0/115.9 
32| 28.9] 13.7|| 92) 83.2] 39.3]] 1521137.4] 65.0]] ar2jrg1.6) 90.6] 272)/245.9/116.3 
33) 29-8] 14.1]| 93] 84.1] 39.8]] 153/138.3] 65.4]] 213/792.6) 91.1|| 273]246.8|116.7 
34| 30.7] 14.5]| 94] 85.0] 40.2] 154/139.2| 65.9]| 214!193-5] 91-5]| 274/247.7|117.2 
35} 31-6] 15.0]] 95] 85.9} 40.6]| 155|140.1| 66.3] 215/194.4] 91.9]| 275|248.6)117.6 
36) 32.5) 15.4] 96] 86.8] 4r.1|] 156|t41.0] 66.7] 216/195.3| 92.4]| 276/249.5]/118.0: 
37| 33-4] 15.8]| 97) 87.7] 41.5]] 157|141.9| 67.1]] 217/196.2) 92.8]) 277/250 
38] 34.4] 16.2]| 98} 88.6} 41.9]| 158/142.8] 67.6)| 218/197.1| 93.2|| 278/251 
39) 35-3] 16.7|| 99) 89.5} 42.3}) 159/143.7) 68.0] 21g|193.0) 93.0} 279/252 

__ 40 36.2) 17.1|| 100] 90.4] 42.8]| 160/144.6] 68.4|| 220]198.9] 94-1] 280]253 
AI] 37.1] 17.5]| tor] 92.3) 43.2|| 161/145.5] 68.8] 221/199.8] 94.5]| 281/254 
42) 38.0} 18.0]| 102} 92.2] 43.6)| 162/146.4| 69.3|| 222/200.7) 94.9]| 282)254 
43] 38.9] 18.4]| 103] 93.1] 44.0|] 163|147.3] 69.7]] 223/202.6] 95.41] 2831255 
44| 39.8] 18.8]| 104] 94.0] 44.5|| 164|148.3] 70.1|| 224]202.5] 95.8] 284/256 
45| 40.7] 19.2|] 105] 94.9] 44.9]| 165|149.2] 70.6]| 225]203.4] 96.2|| 285/257. 
46] 41.6] 19.7)| 106] 95.8] 45.3]] 166/1§0.1| 71.0] 226/204.3] 96.6)| 286/258 
47| 42.5] 20.1|| 107] 96.7] 45.8]| 167|151.0] 71.4|| 227/205.2| 97.1|| 287/259 
48} 43.4] 20.5]| 108] 97.6] 46.2|| 168]151.9] 71.8]! 228]206.1] 97.5)| 288/260 
49] 44.3] 21.0] tog] 98.5] 45.6]| 169/152.8] 72.3|| 229]/207.0] 97.9]] 289]261. 

| 50} 45-2) 21-4)) 110] 99.4] 47-0]] 170|153-7] 72.7|| 230/207 -9] 98-3]] 290/262. 
51) 46.1] 21.8]| r11/100.3] 47.5]| 172|154.6] 73.1] 231/208.8) 98.5]| 291/263. 
52| 47.0) 22.2|| rr2!Tor.2! 47.9]| 172|155.5| 73.6]] 232/209.7] 99-2|| 292/264.0/124.9 
$3] 47-9] 22.7|) 113/102.) 48.3]| 173/156.4) 74.0]| 233/210.6] 99.6]| 293/264.9]125 .3 
54] 48.8] 23.1/| 114]103.1| 48.7] 174|157-3] 74.41] 234]211.5]100.1]| 294/265 .8|125.7 
55] 49-7] 23.5]] 115|104.0] 49.2|| 175]158.2] 74.8]| 235]212.4]/100.5]| 295/266. 7|126.1 
56} 50.6] 23.9} 116]104.9] 49.6]| 176/1§9.1| 75.3]| 236/213.3/100.9]| 296]267.6)126.6 
57| 51-5| 24.4] 117|105.8| 50.0)| 177|160.0] 75.7|| 237/214.21101.3]] 297/208 .5|127.0 
58] 52.4] 24.8!) 118]106.7| 50.5|| 178]160.9| 76.1|] 238]/215.1/101.8]| 298]269.4)127.4 
59| 53.3] 25.2|| r19]r07.6} 50.9]] I glt6r.8 76.5|| 239]216.1|102.2|| 299/270.3/127.8 
60} 54.2} 25.7|| r20lr08.5] 51.3 Nhohs64-3 47 .O|| 240]217-0]/102.6|} 300)271.2/128.3 


Dist] Dep.| Lat. ||Dist| Dep.| Lat. ||Dist| Dep.! Lat. ||Dist} Dep.| Lat. [Dist] Dep.| Lat. 
co for 5 3 Paints. 
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TABLE I. 


Difference of Latitude and Departure for 2 3 Points. 


Dist} Lat. Dep.| Dist 


00.5 53.8 
00.9 54.7 
Ted) §5.6 
O1.9 50.4 
02.4 57 +3 
02,8} 58.2 
03-3 29-1 
03.8 60.0 
04.2 60.9 
04.7 Osi 
05.2 62.6 
05.7 63.5 
06.1 64.4 
06.6 65.3 
OF..T 66.1 
07.5 67.0 
03.0 67.9 
08.5 63.8 
09.0 69.7 
09.4 70.6 
09.9 TEA 
10.4 72.3 
10.8 2. 
IT.3] 74.1 
11.8 75.0 
12.3 75°9 
12.7 907 
F309 77.6 
13.7 78.5 
14.1 79.4 
14.6 80.3 
baie 81. 
15.6 82.0 
16.0 82.9 
16.5 $3.8 
17.0 84.7 
‘19.4 35.6 
17.9 86.4 
18.4 87.3 
18.9 88.2 
19.3 89.1 
19.8 go.o 
20.3 g0.. 8) 
20.7 QI.7 
20.2 92.6 
2.7 93-5 
22.2 94.4 
22.6 95.3 
23.1 96.1 
50 23.6 97-0 
24.0 97-9 
24.5 98.8 
25.0 99°77 
25.5] I14]100.5 
25.9|| ¥15|10T.4 
26.4)| 116}102.3 
26.9)| 117|103.2 
27 .3)| 118|T04.1 
27.81) LIGlIO§.0 
23.3]] 120|105.8 
Dep. 


te A ena nT 


28 121|106:7] 57.0 
29.2! 122)107.6] 57.5 
29.7|| 123}108.5] 58.0 
30.2\| '124|109.4| 58.4} 
30.6) 125|110.2] 58.9 
31.1|| 126|111.1) 5954 
31.6]] 127|£12.0] 59.9 
32.1|| 128/112.9] 60.3 
3205}, T29|113.8| 60.8 
33+0}| 130|114.7} 61.3 
33-5]| I31|L15..5| O1.7 
33.9] 132|116.4| 62.2 
34-4] 133|117.3) 62.7 
34.9)| 134]118.2] 63.2 
35-4|| 135|I19.1] 63.6 
35.81 136/119.9| 64.1 
36.3] 137/120.8] 64.6 
36.8]| 138]121.7| 65.0 
37.21 139]122.6] 65.5 
37-7|| 140]123-5| 66.0 
38.21) I41}t24.4] 66 
38 .6)| 142/125 .2) 66 
39.1] 143|126.1| 67 
39-6 67 
40.1 : 

40.5] 

AI.O 

41.5 

AT.9 

42.4) 


42.9 

43-4 

43.8 

44.3 

44.8 

45.2 

45.7 

46.2 

46.7 

47-1 

47.0 j 
48.1 6.4 
48.5 38 
49.0 “3 
49.5 7.68 
50.0 5.2 
so of 
50.9 ‘2 
51.4 4 
51.8)] 170/149-9} 80.1 
5%.3 6 
52.8 mS 
53-3 “5 
53.7 Ae) 
54-2 +5 
54.7 .O 
58.1 3.4 
55-6 3-9 
56. 4.4 
56.6 6 
‘Lat. |[Dist] Dep.| Lat. 


3 eee SO et Be ee ae 
BON OM HH AH An {~? » COD COMO HOM 


Lat. | Dep. Dist} Lat. 


ISI 159. | 
182/160, 
183/161. 
184|162. 


211/186.1] 99.5 
212/187 .0} 99.9 
213/187 .8}100.4 


ROD OMH AHS 


—— | —_——._ | ———————_ | |) —————_ | ——__——_. 


2311203. 
232}204.6|/109 
2331205 .5|109. 
2.34|206. 4/110. 
2.35|207 «< 
2361208. 
2349|209.OlLIT. 
238/209 .9|T12. 
239/210, 8/112, 
Q40|201. 


Dist Dep. Lat. 


. . . . . 
“TNs yp COS COBO 


~I 
- 
Le! 
& 
bond 


> 3. <i 
Ne ss OCD 


| .259|220-5 


eee 


251/221 .4|118.5 
2.52|222.2|118.8 
25,31223.1/119.3 
2541224.0/119.7 
255/224 .91120.2 
2561225 .8|120.7 
257}226.7|121 1 
2581227 .5|125.6 


2591228.4/122.1 | 


260229 . 3]122.6 


261|230.2/123.0 
2621231.1|123.5 
263/231 .9/124.0 
2.64\232.8|124.4 
265|233.7/124.9 
266|234.6/125.4 
2671235..5|125.9 
268|236.4|126.3 
269|237.2/126.8 


2701238 .1/127.3 


2.71|239.0]127 7 
2.72|239.9}128.2 
2.73|240.8|128.7 
274/241. 7/129.2 
2751242,51129.6 
276|243.4|130.1 
277|244.3|130.6 
273)245.2|131.0 


281|247 8/1325 
282/248 .7/132.9 
283/249. 6113324 
284}250.5|133.9 
285|251.4|134.3 
286)252.2/134.8 
287125 3.111353 
2.881254.0]135.8 
289 254-9 130.2 
290|25§.81136.7 
291}256.6|137.2 
292/257 +5|137.6 
293/258 .4|138.1 
294/259. 3|138.6 
295|260.2)139,1 
296) 261.1}139.5 
297/261 .g|140,0 
298) 262.8/140.5 
299|263.7/140.9 
300|264.6|141.4 


for 5 4 Points. 


Dist! Dep. Lote 
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,* 


TABLE I. 1k 
Difference of Latitude and Departure for 22 Points. 


Dist} Lat. | Dep. Dist Lat. Lat. | Dep.[] Dist Lat. | Dep.||Dist} Lat. | Dep.||/Dist| Lat. | Dep 
00.5 61} 52.3] 31.4|} 121|103.8] 62.2]| 181/155.3) 93.0l| 241/206.7|123. 9 
OF.o}] 62) 53.2! 31.9]| 122/104.6] 62.7]! 182]156.1) 93.6]| 242/207.61124.4° 
O1.5]/ 63) 54.0) 32.4|| 123]105.5] 63.21) 183]/157.0] 94.1]| 243/208.4|124.9 
02.1|1 64] 54.9] 32-9]| 124|106.4] 63.7]| 184]157.8] 94.6]| 244)209.3}125.4 
02.6]} 651 55.8] 33-4|; 125|107.2) 64.3]1 185/158.7] 95.1]] 2451210.7/125.9 
03.1|| 66} 56.6] 33.9]! 126|108.1) 64.38]! 186]159.5] 95.6]) 246/211.01126.5 
03.6]} 67) 57.5] 34-4}| 127|108.9] 65.3] 187|160.4| 96.1|| 247/211.9|127.0 
04.1] 68) 58.3} 35.0]] 128|10g.8} 65.8]! 188]/161.2] 96.6)] 248)212.7/127.5 
04.6)} 69] 59.2) 35.5|| 129/110.6] 66,3]| 189]162.1] 97.2|| 249/273.6]128.0 
05-1 70] 60.0} 36.0] 130]1T1.5} 66.8]! 190/163.0] 97-7] 250/214.4]128.5 128.5 | 
05.71 71 3 36.5]| 131|112.4} 67.3]| 191/163.8} 98.2]| 251/215.3/129.0 
06.2!| 72) 61.8] 37.0] 132/113.2] 67.9} 192]/164.7| 98.7]|| 252/216.1|129.5 
06.7|| 73] 62.6] 37.5] 133/114.1] 68.4|| 193]165.5] 99.21 253/217.0|130.1 
07.2/] 74) 63.5] 38.0]] 134 the 68.9|| 194|166.4] 99.7]|| 254|/217.9|130.6 
07.7\| 75| 64.3] 38.6]) 135|115.8} 69.4]] 195|167.3/100.2||° 255|218.7/137.1 
08.2} 76} 65.2) 39.1]| 136/116.6) 69.9|| 196|168.1|100.8]| 256/219.6|131.6 
08.7|| 77} 66.0} 39.6]| 137/117.5] 70.4]! 197|169.0/101.3]] 257/220.4/132.1 
09.3] 78} 66.9} 40.1]] 138/118.4) 70.9]| 198]169.8}101.8!| 258)221.3 132.6 | 
09.3! 79} 67.8] 40.6]| 139/119.2] 72.5|| 199/170.7|102.3]| 259]222.11133.1 
10.3)| 80} 68.6].41.1]| 140]120.1] 72.0 200/171. 5}102.8 _260}223 .0 133.7 
10.6] 81} 69.5] 41.6]| 141|120.9) 72.5|| 201]172.4/103.3 "261/223. 9|134.2 
11.3|| 82] 70.3} 42.2]| 142/121.38) 73.0]] 202]173.3/103.8]| 262/224.71134.7 
TZ.8]} 83] 71.2] 42.7]| 143/122.7] 73.5 203/174.1/103.4]| 263/225 .6/135.2 
12.3]] 84) 72.0) 43.2)) 144/123.5] 74.0]] 204/175 .0|104.9|| 264/226.41135.7 
12.9] 85] 72-9] 43-7|| 145|124.4] 74.5|| 205/175 .8/105.4]| 265/227. 3|136.2 
13.4/| 86) 73.8) 44.2]1 146)125.2] 75.1]| 206/176,7|105.9|| 266/228.21136 7 
13.9) 87| 74.6] 44.4|| 147|126.1] 75.6]| 207/177.5|100.4]| 267|/229.0|137.3 
14.4|| 88] 75.5] 45.2 he 126.9) 76.1]} 208/178, 4|106.9 268 22991137 .8 
14.9|| 89} 76.3] 45.7]| 149/127.8] 76.6]| 209]179.2|107.4]| 269/230. 7/138.3 
T5.4)) YO} 77-2) 40-3]) 150|128-7] 77-1|| 210/180. TO8.O}} 270/231 .6]138.8 | 
15.9|| gi] 78.3] 46.8]] 151/129.5) 77.6|| 211|181.0|108.5]| 271/232.4|139.3. 
16.4 2) 78.9] 47.3] 152/130.4] 78.1]| 212|181.8]109.0]] 2721233.3/1739.8 
17.O]] 93] 79.8) 47%8]| 153]131.2| 78.7] 2131182.7/109.5]| 273/234.2|140.3 
17.5|}.. 94] 80.6) 48.3}| 1541732.1] 79.2|| 214]/183.5|110.0]/ 274/235 .0]140.9 
18.0]} 95} 81.5} 48.8) 155|132.9! 79.7]] 215]184.4/110.5|| 275/235.9]/141.4 
18.5]] 96} 82.3] 49.3]} 156|133.8] 80.2] 276/185 .3/111.0]] 276|/236.7|/141.9 
19.0]] 97} 83.2! 49.9)| 1571234.7| 80.7]] 217|186.1/111.6)] 277/237.61142.4 
19.5|| 93] $4.1] 50.4]} 15§8/135.5h 81.2|| 218/187.0/112.1]| 278/233.4|142.9 
20.0}} 99] 84.9) 50.9)| 159)136.4] 81.7]| 219)187.8/112.6]| 279/239.3|143.4 
20.0/} roo} 85.8] $1.5] 160j|137.2} 82.3]] 220/188. 7/113.1]| 280)240.2/143.9° 
21.1|| ror] 86.6) 51.9)| 162/238.4) 82.8]] 221/189.6]113.6]| 281]241.01144.5 
21.6]| 102] 87.5} 52.4]1 162/138.9) 83.3]| 222/190.4|114.1|| 282/241.91145 .0 
22.1}| 103} 88.3] 52.9]) 163/139.8! 83.8]| 223/191. 3/114.6]| 283/242.7/145.5 
22.6]) 104] 89.2] 53.5|| 164|740.7] 84.3]] 224/192.1]115.2|| 284/243.6|146.0 
43.I]| 10S} 90.1] §4.0]] 165/741.5] 84.8]| 225}493.0]115.7|| 2851244.4/146.5 
23.6}! 106} 90.9] 54.5]| 166/142.4] 85.3]| 226]193.8/116.2|| 286/245 .3|/147.0 
24.2|| 107] 91.8] 55.0]| 167/143.2] 85.8]} 227/194.7|116.7)| 287/246, 2147 5 
24.7|| 108] 92.61 55.5]| 168|144.1| 86.4]] 228]195.6]/117.2|| 288]247.¢ 148.1 
25.211 Log} 93.5] §6.0]] 169|145.0) 86.9||-229|196.4/x17.7]] 289/247. glx48. 6 
25-7} TLO} 94.3) 56.5|] 170lt45.8) 87.4)1 230|197.3/118.2]| 290/248.7/149.1 
26.2)! 1Z31| 95.21 57.1/| 171|146.7| 87.9]| 231/198.1|118.8)) 291/249.6)149.6 
26.7|| 112} 96.1] 57.6)| 172|147.5| 88.4|| 232/199.0}119.3]| 292/250.5]150.15 
27.2]| 113} 96.9] 58.1]! 173|148.4) 88.9]] 233/199.8|119.8]] 293/251.3/750.6 
27.8]] t14) 97.8) 58.6]| 174|149.2) 89.4]] 234)200:7/120.3]| 294/252. 21752.1 
28.3]| E15] 98.6] 59.11} 175]150.2] 90.0]| 235/201 ,.0/120.8]| 295/253. -O}L51.7 
28.8]! 116) 99.5] 59.6]| 176|151.0] go.5]| 236)202.4|121.3 296/253. Q\152.2 
29.3}| £17{190,4] .60.1]| 177/181 .8} 91.0l] 237/203.3|£2% 18) 297/254.71152.7 
29.8]| 118)19%_2| 60.7|| 178)152.7] 92.5|| 238|204.1|122.41| 298/255. 6153. % 
3C.al| Fro}ro3.2) 61. 2/) 1791153.5| 92.0] 239/205 .0/122.9]| 299/256. $153.7 
30.8/ Taclto2, 02-9 61.7 180 1$4+4) 92.5|] 240/205 .9/123.4 300)257 +3134+2 2 

[Dist Dep.| Lat. ||Disz! Dep. ‘Lat. ||Dist Dep. Lat. ||Dist| Dep. ‘Lat. ||Dist Dep.| Lat. 


B2 for 5 4 Points. 


5 sinahiiiieeedionellimntsitannsestslibampaltatS. 


a’ Ma 


i2 | TABLE ! 
Diflerence of Latitude and Departure for 3 Points. 


Lat. | Dep.||Dist} Lat. | Dep.||Dist] Lat. | Dep.||Dist] Lat. | Dep.||Dist] Lat. Dep. | 


o 
pee 
ot 


~—_—, | —————<—— _ 5 - ————— | | —_——- | —— —__ | —— Sh S| SO | | I I | 


00.8] 00.6] 61] 50.7] 33-9]| 121|100.6) 67.2]! 181]150.5]100.6]| 241/200. 41133.9 
O1.7{ OL.I|| 62] 51.5} 34.4]| 122/r01.4) 67.8]| 182]151.3/101.1}| 242|207.21134.4 
02.5] OL. 63] 52-4] 35.0]] 123/102.3] 68.3]| 183/152.2/101.7]}| 243/202.01135.0 
03.3] 02. 64] 53-2) 35.6|} 124/103.1] 68.9]! 184]153.0]102.2]| 244/202.91135.6 
04.2] 02. 65] 54.0] 36.1]! 125/103.9] 69.4]| 185]153.8]102.8]| 245}203.7|134.1 


ROO Connar 
Nn 
I 


I 
2 
3 
4 
5 
6} 05.0] 03 66] 54.9] 36.7]| 126/104.8] 70<0]] 186]154.6]103.3]] 246]/204.5}136.7 
7| 05-8) 03.9]] 55. 7| 37.2|| 127|105.6) 70.6]} 187/155.5|103.9]| 247/205 .4]137.2 
8| 06.7] 04 68} 56.5] 37.8]| 128]106.4] 71.1|| 188]156.3]104.4]| 248/206. 2/137.8 
9} 07.5} O5 69] 57-4] 38.3]| 129|107.3] 71.7|| 189]157.1|105.0]] 249/207 0138.3 
TO} 08.3] 05 70} 58.2) 38.9]! 130]108.1] 72.2|| IgolT§8.0]105 .6}) 250/207.9|138.9 
II| 09.1] 06.1|| 71} 59.0) 39.4]| 131/108.9] 72.8]] 191/158./8|106.1]| 251]/208.7/139.4 
12] 10.0] 06.7|| 72] 59.9] 40.0]| 132/109.7] 73.3]| 1921159.6/106.7]| 252]209.5|140.0 
13| 10.8} 07.2|| 73} 60.7) 40.6]| 133/110.6} 73.9]| 193]160.5|107.21| 253/210.4|140.6 
14| 11.6] 07.8]| 74) 64.5) 4r.1]| 134/111.4] 74.4]| 194]164.3|107.8]| 254/211.2/141.1 
15| 12.5] 08.3]| 75} 62.4) 41.7]! 135/112.21 75.0l] 195/162.1|108.3|] 255/212.0]141.7 
16] 13.3] 08.9]| 76} 63.2} 42.2]! 136/113.1] 75.6]| 196/163,0/t08.9]| 256|212.9|142.2 
17| 14.1] 09.4|} 77} 64.0) 42.8]] 137)113.9] 76.1]} 197/163.8|109.4|| 257/213.7|142.8 
18] 15.0] 10.0]] 78} 64.8] 43.3 138114. 76.7|| 198}164.6)110.0}| 258}214.5}143.3 
19] 15.8] 10.6) 7g} 65.7] 43.9]] 139!115.6] 77.2|| 199/165 .5|110.6]| 259]215.3]143.9 
20] 16.6] IT.1]} 80} 66.5] 44.4 140|116.4 77-8|| 200|166.3]/111.1}| 260)216.2|144.4 
a1| 17.5) 11.7|} 81} 67.3] 45.0 T41/II7.2 78.3|| 201|167.1/111.7]| 261/217 .0]145.0 | 
22| 18.3} 12.2]| 82] 68.2) 45.6] 142/118.1] 78.9|| 202/168.0]112.2|| 262/217.8/145.6 
93| Ig.1] 12.8]| 83] 69.0) 46.1|| 143/118.9] 79.4|| 203]168.8)112.8]| 263/218.7|146.1 
24| 20.0] 13.3]| 84] 69.8] 46.7!| 144)119.7] 80.0]] 204]169.6]113.3]] 264|219.5/146.7 
25) 20.8] 13.9|| 85] 70.7] 47.2]] 145|120.6] 80.6]) 205]170.4]113.9]] 265/220. 3]147.2 
26| 21.6] 14.4)| 86] 71.5} 47.8|| 146/121.4] 81.1]| 206/171.3|114.4|| 266|221.2/147.8 
a7| 22.4) 15.0]] 87] 72.3) 48.3|| 147/122.2]) 82.7]} 207/172. 11115 .0}! 267|/222.01148.3 
28) 23.31 15.6]; 88] 73.2] 48.9] 148/123.1] 82.2]! 208/172. 9/115 .6]| 268/222,8]148.9 
29] 24.1] 16.tl| 8g] 74.0} 49.4 149}123.9 82.8]| 209]173.8]116.1]| 269]223.7|149.4 
30] 24.9} 16.7|| go) 74-8! 50.0]] 150)124.7] 83-3]| 210]174.6]116.7]| 270]224.5|150.0 
31| 25.8) 17.2|| oi] 75-7| §0.6]) 151/125.5] 83.9]| 211]175.4]117.2|! 271/225 .3}150.6 
32| 26.6] 17.8]] 92] 76.5] 51.1!| 152/126.4] 84.4]] 272|/176.3 117.8) 2721226, 2/1511 
33| 27.4) 18.3]| 93! 77-3] 52 7| 1§3|127.2| 85.0}} 213]177.1 118.3) 27 3|227 .O|151.7 
34| 28.3] 18.9]] 94] 73.2] 52.2)| 154/128.0] 85.6]] 214)177.9)118.g)| 274/227 8152.2 
35] 29.1] 19.4]| 95] 79.0} 52.8)) 155)128.9] 86.1|| 215]178.8 119 4 2751228 .6/152.8 
36] 29.9] 20.0]] 96] 79.8) 53.3]! 156,129.7| 86.7|| 216/179.6/120.0]] 276/229. 51153.3 
37| 30.8] 20.6]! 97] 80.6} 53.9]| 157/130.5] 87.2]] 217|180.4]120.6]| 277/230.3]153.9 
38| 31.6] 21.1/| 98} 81.5] 54.4]] 158/132.4] 87.8]] 218]181.3/121. 11] 2781237.1)154.4 
39] 32.4] 21-7|| 99} 82.3] 55.0]| 159|132.2] 88.3]| 219]182.1]121.7|| 279/232.0)155.0 
40} 33-3] 22-21] 100] 83.1) 55.6]| 160/133.0] 88.9] 220]/182.9]122.2/| 280/232.8]155-6 
AY) 34.1] 22.8]! ror} 84.0} 56.1 r61|133-9 89.4|| 2271183.7|122.8|| 281/233.6|t56.1 
42] 34.9] 23.3]| 102] 84.8] 56.71) 162/134.7| go.0]] 222/184.6/123.3]| 282/234.5)156.7 
43) 35.8] 23-9]| 103] 85.6) 57.2|| 163/135.5) 90.6]] 223/185 .4/123.g]] 2831235.3]157.2 
44| 36.6} 24.4]! 104} 86.5] 57.8]| 164/136.4| g1.1/| 22411386. 2/124.4| 24 eS ea 
A5} 37-4! 25.0l] 105) 87.3] 58.3]| 165|137.2] 91.7|| 225)187.1/125.0|] 285)237.01158.3 | ff 
46} 38,2] 25.6)/ 106) 88.1) 58.9]! 166/138.0] g2.2)| 226/187.9|/125.6)) 286)227.8]158.9 
47| 39.1] 26.1]] 107) 89.0] 59.4|| 167)138.9] 92.8]| 227/188.7]126.1)| 287/238 .6]059.4 
48] 39.9] 26.7]| 108) 89.8] 60.0 108)139.7 93.3|| 228]189.6]126.7)} 288)23y.5}160.0 
49} 40.7! 27.2} Log} 90.6) 60.6)| 169,140.5} 93.9]| 229]190.4|127.2)| 289/240. 3 160.6 
50] 41.6) 27.8]| 110] 91.5] 61.1]] 170,141.3] 94-4]] 230]191.2/127.8]| 290)241.1/161.1 
51] 42.4] 28.3]| rz) 92.3] 61.7]}.171|142.2] 95.0]] 232|192.11128.3}| 291/242.0]161.7 
52) 43.2] 28.9]) 112} 93.1] 62.2|| 172/143.0] 95.6]! 232/192.9/128.9]| 292/242.8]162.2 
§3| 44.1] 29.4|] 113] 94.0} 62.8 173'143.8 96.1|| 233|193.7|129.4]| 293/243 .6|162.8 
54| 44-9] 30.0]! 114] 94.8) 63.3]] 174144.7| 96.7|| 234)194.6)130.0)| 294/244.4 163.3 
55] 45-7} 30-6]) 115} 95.6) 63.9]] 175,145.5| 97.2)] 235]195.4]130.6)| 295/245 .3]163.9 
56] 46.6) 31.1|| 116) 96.4) 64.4 176,146.3) 97.8|| 236/196. 2)131.1|| 296)/246.1 164.4 
57| 47-41 31.7|| 127] 97.3] 65.0l] 177:147.2] 98.3]| 237|197.1/131.7)| 297/2460.9}165 .0 
§8| 48.2} 32.21) 118] 98.1| 65.6l] 173'148.0) 98.9]] 238|197.91132.2|| 298]/247.81165 6 
59] 49.3) 32.8] 119] 98.9] 66.4£]] 179,148.8] 99.4]! 239]198.7|132 8|| 299|248.6]166.1 
60} 49-9) 33-3|| 120] 99.8] 66.7|| 180)149.7|100.0|| 240/199.5|133-3|| 300)249-4 160.7 


os 


Dist] Dep. Lat. ||Dist Dep.| Lat. ||Dist! Dep.| Lat. || Dist] Dep. Lat. ||Dist Dep.| Lat. 
for 5 Points. 
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TABLE I. 13 | 
Difference of Latitude and Departure for 3} Points. 


| ——————————_— oq — 
Dist| Lat. | Dep.||Dist} Lat. | Dep.||Dist} Lat. | Dep.||Dist| Lat.| Dep.||Dist| Lat. | Dep. | | 


I81ji45.4)107.8]] 241|193.6|143.6 

182]146.2|108. 

183|147 .O|109. 

184|147.8/L09. 

185|148.6|1r0. 
186|149.4]1I0. 
| 


| 


243/195 .2|144. 
244\196.0|145. 
245|196.81146. 
246/197 .6|146. 
247/198 .4/147. 
248|199.2|147. 


> . . e 
mi On Oo 


187/150. 2|I11. 
I88/I5L 0/112. 
I8g|I51.8]112, 
1g0|15§2.6)|113. 
I91|153.4|113. 
192|154.2]114. 
193|155.O|115. 
194|155.8]115. 
195|150.6]116. 
196/157.4/116. 
197|T58.2|117. 
198/159.0/118. 
199|159.8/118.5]| 259/208 .0]154.3 

200}160.6]11g9.3]| 260]208.8]/154.9 


201|161.4|11g9.7]|| 261|209.6]155.5 

202|162.2/120.3]| 262/210.4/156.1 

203|163.0]120.g]} 263]211.2/156.7 

204/163 .9|121.5|| 264/212.01157.3 

205|164.7|122.1]] 265/222.8/157.9 

206|165 .5|122.7]| 266/213 .6/158.5 

207|166.3|123.3]| 267/214.51159.1 

208|167 .1|123.9]] 2681215 .3]/159.6 

209|167 .9|124.5]| 269/216,1|160,2 

Q10;168.7/125.1]| 270/216.9|160.8 

I51|121.3 Ol] 211|169.5|125.7|| 271/217.7|/ 161.4 
152|122.1 ~5|| 212/170.3/726.3]! 272/218.51162.0 
153|122.9] QI.1|| 213|271.1/126.9]| 273]/219.3)162.6 
154|123:7 .7|| 214|171.9/127.5|| 274/220.1|163.2 
155|124.5 +3] 215|172.7|128.1]| 275/220.91163.8 
7 
3 
9 
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201.6/149.5 
252|202.4/150.1 
25 3|203.2|150.7 

204.0]15§1.3 
255/204.8/151.9 
256/205 .6/152.5 
257|200,4/1§3.1 
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216/173.5/128.7]| 276/221.7|/164.4 
417/174.3|129.3|| 277/222.51165 .0 
218/175.1|129.9]] 278/223.3/165 .6 
A1Q|I7§ .9|130.5|| 279/224.1|166,2 
220|176.7|131.1|| 28224.9]/166.8 
Q21]177.5|/131.7|| 281/225.7/167.4 
2.2.2|178.3|132.2]| 282)226.5|168.0 
2231179 .1|132.8]| 283/227. 
224|179.9/133.4]| 284/228. 

2.25 |180 
226/181. 
2.27 |182,.: 
228/183. 
2.29|183. 
2.30|184. 
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291)233-7|/173-3 
2.92}234.5/173.9 
293/235 -3|474-5 
294|236.1/175.1 
295|230:9)175.7 
296/237 7/176 .3 
297/238 .5/176.9 
298/239.4|177.5 
2.99|/240.2/178.1 
300/241 .0|178 7 


171/137. 
172|138. 
1731138. 
174/139. 
175|140. 
176|141. 
T77|142. 
178)|143.0|106. 
179|343.8/106,. 
180]144.6]107. 


Dist] Dep.| Lat. ||Dist Dep.| Lat. ||Dist| Dep.} Lat. ||Dist] Dep.| Lat. ||Dist} Dep.| Lat. | 
| for 4? Points. 
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234|187. 
235/188 .¢ 
236|189. 
237|190. 
238/191. 
239|192. 
240|192. 
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TABLE I. 
Difference of Latitude and Departure for 3 4 Points. 


Lat. | Dep.|/Dist 


00.6]) 61 
O1.3}] 62 
OL.y|| “63 
64 
65 
66 


“241/186. 3115.9 
242/187 .1)153.5 
2431187 .8)154.2 
244/188 .6]154.8 
245|189.4]155.4 
246|190. 2/156. 
247/190.9}156.7 
248|191.7/157 .3 
249/192.5]158.0 

_250|193-2]158.6 
251|194.0}159. 
252/194.8)/159. 

6/160. 
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181|139.9/114.8 
182}140.7|1I5. 
183/141.5|116. 
184]142. 21116. 
185/143 .O}117. 
186}143.8/118. 
187/144.5/118. 
188)145 3/119. 
18g)146, 1/11). 
190}146.9]120. 

I91|147.6)121. 
192}148.4/f21. 
193|149. 2/122. 
194|1§0.0]123. 
195|150.7|123. 
Ig6|IS1.5|124, 
197/152. 3/125. 
I98}1§3.1/125. 
199|153.8/126, 
200|154.6|126. 
QO1|155.4]127. 
202|156.1/128. 
203|156.9]128. 
204|157.7|129. 
205}158.5|130. 
206]1§9.2|/130. 
207|160.0]131. 
208|160.8]132. 
209/161 .6}132. 
210/162. 3/133. 


211|163.1/133. 
912/163.9|134. 
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259}200. 
260/201. 


261/201. 
262|202. 
263|203. 
264|204. 
265/204, 
266}205. 
267|206, 
2631207 , 
269}207, 
2.70|208 . 
2471/2095 
272|210.: 
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213}164.6/135. 
aI4|165.4/135. 
215166, 2/136. 


273\2I1. 
274)211. 
275|212. 


216|167 .O|137. 
217|167 .7/137. 
418|168 5/138. 
g1g|169. 3/138. 
220|170.1|139. 


279|215.7 177.0 
280]216.4|177 «6 
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223|172.4|141.5 
2.24|173.1|/142.1 
225|173.9|/142.7 
2261174 .7|143.4 
227|175.5'144.0 
228]176.21144.6 
229/177 .O]145.3 
_230|177 81145 «9 
231|178.6|146. 
232/179. 31147. 
2.33|180.1|147. 
2341180.9]148. 
235|181.7]149. 
236/182.4/149. 
237|183.2)/150. 
238/184.0]T51. 
239/184. 71151. 
240|185.5|152. 


_-—_—--—_ 


Lat. || Dist Dep. Lat. 


for 43 Points. 


284/219.5|180. 
285/220. 3}180. 
286]221.1]181, 
287|221.8]182, 
988/222, 6)182, 
289/223 .4]183. 
2.90|224.2|184.0 
2.91|224.9]184.6 
292|225.7|185.2 
293|220.5]185 .9 
294|227 .3|186. 5 
2.951228 .01]187.1 
296}228. 8/187 .8 
297|229.6]188.4 
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300]231.9 
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181]134.1]121.5]| 241)178.6/161.8 
182|134.8/122.2 242/179.3/162.5 
183135 .6/122.9 243/180.0/163.2 
184]136.3]123.6]| 244/180.8/163.8 
185]137.1/124.2]| 245/181.5/164.5 
186/137 .3}124.9}| 246]/182.3}165.2 
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265/187 .4|187.4 
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2.72\192.3|192.3 
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276|195.21195.2 
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157/157. 
T§$|158, 
1§9|159.0 
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167|167, 
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170|170.0 
I71|173.0 
172|172.0 
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174|174.0 
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177|177.0 
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T79)179.0 
I80|180.0 
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for 89 Degrees. 


17 
Dep.||Dist} Lat.| Dep. 
03.2|| 241|/241.0] 04.2 
03.2/| 242/242.0] 04.2 
03.21] 243/243.0) 04.2 
03.21] 244/244.0] 04.3 
03.2|} 245/245 .0] 04.3 
03.21] 246]/240.0] 04.3 
03.3|| 247/247.0] 04.3 
03.3]| 248)/248.0] 04.3 
03.3]| 249/249-0] 04.3 
03.3]| 255/250-0] 04.4 
03.3|| 251|251.0] 04.4 
03.4|} 252/252.0] 04.4 
03.4|} 253/253.0] 04.4 
03.4|| 2541254.0] 04.4 
03.4]| 2551255.0] 04.5 
03.4]] 256|256.0] 04.5 
03.4]! 257/257.0] 04.5 
03.5]| 258]258.0] 04.5 
03.5|} 259/259.) O4.5 
U3-5|| 260/260.0} 04.5 
03.5|} 261/262.0} 04.6 
03.5|| 262/262.0} 04.6 
03.5|| 263|263.0] 04.6 
03.6|| 264|264.0] 04.6 
03.6] 2651265 .0] 04.6 
03.6|| 266/266.0} 04.6 
03.6|| 267/267.0} 04.7 
03.6|} 268}268.0} 04.7 
03.6|| 269/269.0} 04.7 
03.7]| 270/270.0] 4.7 
03.7|| 2711/271.0] 04.7 
03.7|| 2721272.0] 04.7 
03.7|| 273|]273.0] 04.8 
Q3.7|| 274|274.0| 04.8 
03.8] 275|275.0) 04.8 
03.8]| 276/276.0} 04.8 
03.8] 277/277.0] 04.8 
03.8]} 278/278.0] 04.9 
03.8]] 279/279.0] 04.9 
03-8]| 280/280.0] 04.9 
03.9|| 281/281.0} 04:9 
03.9|| 282/282.0! 04.9 
03.9|| 283/283.0] 04.9 
03.g]| 284|284.0] 05.0 
03.9|| 285/285 .0] 05.0 | 
03.9]| 286/286.0] 05.0 
04.0|] 287/287 .0]}. 05.0 
04.0}} 288}288.0] 05.0 
04.0]| 289/289.0} 05.0 
04.0}] 290|290.0] 05.1 
04.0]] 291|29L.0] 05,1 
04.0] 2921292.9] O§,1 
04.1] 293)292.0] 05,1 
04.1|| 294]294.0] 05,1 
04.1]| 295|295.0] 05.1 
04.1|| 296|296.0} 05,2. 
04.1]]/ 297|297.0} 05.2 
04.2]} 298]298.0} 05.2 
04.2)! 299/299.0] 05.2 
04.2/] 300|300.0}] 05.2 
Lat. ||Dist] Dep.| Lat. 


Dist} Lat. Dep, Dist| Lat. | Dep.||Dist| Lat. | Dep.|| Dist} Lat. | 
I] O1.0 90.0] 61| 61.0} 02.1}] 121/120.9] 04.2]] 181]180. 
2| 02.0} 00.1)| - 62] 62.0 02.2|| 122 121.9] 04.3]| 182/181. 
3} 03.0] 00.1]] 63} 63.0] 02.2)| 123]122.9} 04.3]| 183/182. 
4| 04.0] 00.1] 64] 64.0} 02.2)! 124/123.9] 04.3]| 184/183. 
5] 05.0] 00.2]} 65] 65.0] 02.3]] 125]124.9] 04.4]| 185]184. 
6| 06.0] 00.2]] 66] 56.0] 02.3)| 126]125.9] 04.4]] 186|185. 
71 07.0] 00.2]! 67] 67-0] 02.3]) 127]126.9] 04.4], 187|186. 
8} 08.0] 00.3]} 68] 68.0; 02.4/] 128]/127.9] 04.5]] 183]187. 
g} 09.0} 00.3]] 69} 69.0} 02.4]] 129]128.9} 04.5|| 189]188. 
10] 10.0] 00.3]] 70] 70.0] 02.4/| 130]129.9] 04.5]| Ig0}189. 
II] II.0} 00.4]! 71] 71.0} 02.5]| 131/130.9] 04.6]| 191/190.9 
12] 12.0] ©0.4]] 72) 72.0} 02.5]| 132/131.9] 04.6]| 192/191.9 
13) 13.0] 00.5]| 73] 73.0] 02.5]| 133]/132.9] 04.6]| 193/192.9 
4] 14.0} 00.5] 74} 74.9] 02.0|) 134/133.9] 04.7|| 194]193.9 
15} 15.0] 00.5]|° 75] 75.0] 026)| 1351134.9] 04.7]] 195|194.9 
16] 16.0] 00.6|| 76} 76.0] 02.7]] 1360]135.9] 04.7]| 196]195.9 
17} 17.0] 00.6]| 77] 77.0] 02.7] 137]136.9! 04.8] 197/196.9 
18] 18.0] 00.6] 78! 78.0} 02.7]] 138]137.9] 04.8]] 198]197.9 
19} 19.0] 00.7]! 79] 79.0} 02.8] 139/138.9] 04.9] 199]198.9 
20} 20.0} 00.7]| 80] 80.0] 02.8]| 140]139.9] 04.9]| 200/199.9 
21] 21.0} 00.7]| 811 81.0} 02.8)| 141]140.9] 04.9]] 201;200.9 
22| 22.0} 00.8}| 82} 82.0] 02.g]] 142]T41.9] 05.0]| 202/201.9 
23) 23-0] 00.8 a] 82.9] 02.9]| 143]142.9] 05.0]| 203]202.9 
24) 24.0] 00.8/] 84! 83.9] 02.9]| 144]143.9] 05.0]] 204/203.9 
25| 25.0] 00.9]] 85} 84.9] 03.0]] 145]144.9] 05.1]} 205]204.9 
26] 26.0] 00.9]] 86] 8§.9] 03.0]] 146]145.9] 05.1]| 206]205.9 
27| 27.0} 00.9]| 87] 86.9] 03.0)| 147)146.9] 05.1] 207/206.9 
28} 28.0} OL.O}} 88] 87.9] 03.1]| 148/147.9} 05.2]| 2081207.9 
29] 29.0] OL.O}] 8a] 38.9} 03.1)| 149/148.9] 05.2]| 209/208 .9 
30] 30.0} OL-O}/ go} 8g.g} 03.1I] TS0]14g-9} 05.2|] 210]209.9 
31, 31-0] OF.1|] 91} gc.g] 02.2]| £511150.9} 05.3] 211/210.9 
32| 32.0] O11 2| 91.9] 03.2] 152]151.9] 05.3]] 212/211.9 
33] 33-0] OT.2]| 93] 92.9} 03.21) 153|152.9] 05.3]] 213]212.9 
34] 34-0] OF.2]] 94] 93.9] 03.3]] 154]153.9] 05.4]] 214/213.9 
35] 35-0] OL.2]] 95] 94.9] 03.3]| 155]/154.9] 05.4]| 215]214.9 
36] 36.0] O1.3]]° 96] 95.9] 03.4]) 156]155.9] 05.4]| .216/215.9 
37} 37-0] OF.3i 97) 96.9} 03.4]] 157|156.9] 05.5|| 217/216.9 
33} 38.0] Of.3]] 98] 97.9] 03.4]] 158]157.y] 05.5]| 218)217.9 
39} 39-C}] OF.41} gg] 98.9} 03.5]] 159]158.9] 05.5]] 219]218.9. 
40} 40.0} OF-4}| TOO} 99.9} 03.5|| T60]159.9] 05.6)| 220/219.9 
41| 41.0] OL. 4]! ro1/100.9] 03.5]| 161|160.9] 05.6]| 221/220.9 
42| 42.0] OL.5]! 1o2/101r.g} 03.6|/ 162|161.9] 05.7|| 222/221.9 
43] 43.0] OT.5|} 103/102.9| 03.6)| 163|162.9} 05.7]] 223)222.9 
44] 44.0] O1.5]] 104]103.9| 03.6]| 164|163.9} 05.7]] 224/223.9 
45} 45.0] o1.6]| 105]/104.9] 03.7]} 165|/164.9] 05.3] 225]224.9 
46] 46.0] o1.6]| r06}105.9} 03.7]| 166]165.9] 05.8]| 226)225.9 
47| 47.0} O1.6|| 107/106.9} 03.7|| 167|166.9] 05.8]} 227/226.9 
48] 48.0] O1.7|] 108}z07.9] 03.8]} £68]167.9] 05.9]| 228]227.9 
49! 49.0! O1.7|} Log]I08.9) 03.8]| 169/168.9} 05.9]| 229]228.9 
50] 50.0] OL.7|} Tro]¥og.9} 03.8]] 170|169.9] 05.9]] 230]229.9 
51) 51.0} O1.8|} rr1/I10.9] 03.9/| 171|170.9] 06.01] 231/230.9 
52) 52.0] or.8}} rr2/11r.9] 03.9]] 172/171.9] 06.0}| 232/231.9 
53) 53-0} OT.8]| 113/112.9] 03.9]] 173]172.9}] 06.0] 233/232 .9 
54| 54.0] OL.9]} 114]113.9} 04.0] 174]/173.9| 06.11] 234]233.9 
§5] 55-0} OF.9|/ 115|114.9} 04.0]! 175|/174.9] 06.1]] 2351234.9 
56] 56.0 02.0] r16/115.g} O4.0]} 176|175.9| 06.1)| 236]235.9 
57| 57-0} O2.0)] 117|116.9] 04.11} 177|176.9| 06.2|| 237/236.9 
58] 58.0] 02.0]] 118}117.9] 04.4]! 1781177.9] 06.21] 238/237.9 
§9] 59.0} O2.1)/ Irg}T18.9| 04.2]! 179|778.9} 06.21] 239]238.9 
60} 60.0} 02-1] 120]119.9| 04.2)] 180|179,9] 06.3]} 240]239.9 


| [Dist Dep.| Lat. Dist Dep.| Lat. Dist] Dep. Lat. ||Dist} Dep.| Lat. 


TABLE I?. 
Difference of Latitude and Departure for 2 Degrees, 
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Dep.||Dist} Lat.| Dep 
06.3} 241]240.9] 08.4 
06.4! 242|241.9!. 08.4 
06.4)! 243/242.9} 08.§ 
06.4|| 244|243.9] 08.8 
00.5/] 245|244.9} 08.6 
06.5|} 246/245 .9| 08:6 
06.5|| 2471246.8] 08.6 
06.6)| 248|247.8) 08.7 
06,6|| 249]248.8] 08.7 
06 .6{| 250)249.8 

06.7]] 251/250.8 

06.7]! 2521/251.8 

aul 253|252.8 

06.8]| 254/253.8 

06,.8]] 255]254.8} 08. 
06 81} 256]255.8] 08, 
06.9)| 257|256.8] og.0 
06.9|| 258]257.8] og.0 
06.9] 259)258.8] og.0 
07.0|| 260|259.8} 09.1 
07.0}| 261|269.8] 09.1 
07.0|| 2621261.8} og. 
07.1|| 263}262.8} og.2 
07.1]| 264|263.8] 09.2 
07.2|| 265|264.8!,09.2 
07.2|| 266/265 .8} 09.3 
07.2|| 267/266.8) 09.3 
07.3}| 268/267.8) 09.4 
07.3|| 269|268.8} 00.4 
07.3]|| 270|269.8] 09.4 
07.4|| 271/270.8) 09.5 
07.4|| 272]/271.8] 09.5 
07.4)| 273|272.8) 09.5 
07.5|| 274|273.8] og 6 
07.5|| 275/274.8} 09.6 
07.5|| 276/275.8}| 09.6 
07.6]| 277|276.8) C9.7 
07.6]| 273}277.8] 09.7 
07.6|| 279/278.8] 09.7 
07.7]| 280)279.8} 09.8 
07.7|| 281/280.8} 09.8 
07.7]| 282/281.8] 09.8 
07.8|| 283/282.8} 09.9 
07.8]| 2841283.8] 09.9 
07.9]} 285/284.8] 09.9 
07.9]| 286/285 .8] 10.0 
07.9]| 287]286.8] 10.0 
08 .O}] 288]287.8] Io.1 
08 .o}| 289/288.8] 10.1 
08 .o}] 290/289.8] 10.1 
08.1]| 291|290.8] 10.2 
08.1|| 292/291.8} 10.2 
08 .1]] 293/292.8] 10.2 
08.21} 294/293.8] 10.3 
08 .2]| 295/294.8] 10.3 
08.2] 296/295.8) 10.3 
08 .3]| 297|296.8} To.4 
08 .3]| 298|297.8) 10.4 
08.3}| 299|298.8] 10.4 
08.41| 300]299.8} 10.5 
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“art 210.7 
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a171216.7 
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“221 220.67 
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2531252. 
254/253. 
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262/261. 
2.631262. 
264 aga" 
265 264. 
2661265 .6 
2.67|266 ,6 
2.681267 6 
2.69)268 6 
270 269.6 
271|270, 
2721971, 
273/272. 
274/273. 
275)|274- 
276/275. 
2771270. 
278/277. 
279)278. 
280|279.6 
“281/280. 
282/281. 
283/282. 
284/283. 
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291}290.6 
2.921291 .6 
2.93|292.6 
294/293 .6 
2.95|294.6 
2.96}295 .6 
2.97|296.6 
298/297 .6 
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20 TABLE II. 
Difference of Latitude and Departure for 4 Degrees, 


oe Lat. Dep.| Dist} Lat. | Dep. Dist] Lat. Dep.||Dist; Lat. | Dep.}/Dist| Lat. | Dep. 


ee ee | | 


54] §3-9| 03.8)| 1141113.7] 08.o}| 174 373. 2.34}233:4] 16.3]} 294]293.3} 20.5 


55] 54-9] 03.8|| 115]174.7] O8.0]] 175 174.6] 12 235|234.4] 16.4|| 295]294.3} 20.6 
§6| 55.9] 03.9|| 116]115.7| 08 170175. 2.301235.4] 16.5]| 296]295.3] 20.6 
57| 56.9) 04.0] 117]116.7| 208 177,176.6| 12 237|230.4] 16.5]| 297]296.3] 20.7 
58] 57.9] O4.0f] 118|r17.7| 08 ¥78)177.6| 12 2.38}237.4| 16.6]| 298]297.3] 20.8 


59| 53.9] 04.1|| r19|118.7] 08.3]| 179778. 239|238.4] 16.7|| 299]298.3} 20.9 
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| 
| ij OT.O| 00.1!) 61} 60.9] 04.3]| 121|120.7] 08.4 "181|180.6| 12.6 241|240.4| 16 8 
f| 2] 92.0 00.1 62| 61.8] 04.3]] 122)122.7] 08.5]| 182/181.6] 12.71] 242/241.4] 16 g 
3] 03-0] 00 2) 63}, 62.8) 04.4)| 123/122.7 08.6), 183/182.6) 12.81] 2431242.4] 17.0 
4| 04.0] 00 3)! 64) 63.8] 04.5]| 124]123.7| 08.6]| 184]183.6] 12.8]| 244/243.4] 17.0 
5] C5.0] 60,3] 65] 64.8] 04.5]| 125|124.7] 08.7]|| 185]184.5] 12.9]] 245/244.4] 17.1 
6| 06.0] 00.4]] 66 65-8 04.6]| 126/125.7] 08.8]| 186]185.5] 13.0]| 246]245.4| 17.2 
7} 07.0] 00.5] 67| 66.8) 04.7]| 127/126.%| 08.9]| 187|186.5] 13.0!) 247/246.4] 17 2 
8} 08.0] 00.6]} 68) 67.8) 04.7]| ¥28)127.7] 08.9]| 188]187.5] 13.1]| 2481247.4] 17.3 
g} 09.0] 00.6) 69} 68.8] 04.8]) 129)128.7] O9.0]] 189]188.5] 13.2)| 249/248.4] 17.4 
TQ} 10.0} 00.7|| 70} 69.8) 04.9]/ 130/129.7] 09.1|| 190]189.5| 13-3 _250/249.4) 17-4 
1i} 11.0} 00.8]} 71] 70.8} 05.0] 131|130.7] O9.1]| .1g1]190.5] 13.3]| 2511250.4| 17.5 
12| 12.0] 00.8]| 72] 71.8] O5.0]] 132/131.7] 09.2]! 1g2|191.5] 13.4]] 252/251.4) 17.6 
13| 13,0] 00.9]} 73} 72.8) O5.1|| 133)132.7] 09.3|] 193]192.5] 13.5]| 253]252.4} 17.6 
14] 14.0) OL.O|) 74) 73.8) 05-21 134/133.7] ©9-3|) 194]193-5] 13-5|) 254]253-4) 17.7 
15| 15.0] OT.O|] 75] 74.8] 05.2 135 134. -7| 09.4]| 195]194.5] 13.6]] 2551254.41 17.8 
16| 16.0] OX.1|| 76] 75.8] 05.3]! 136:135.7] 09.5]] 196|195.5| 13.71] 256/255.4] 17.9 
17| 17.0] O1.2|| 77] 76.8) 05.4// 137|136.7] 09.6)| 197]190.5} 13.7|| 257]250.4] 17.9 
18} 18.0} O1.3|] 78] 77.8] 05.4]! 138/137.7| 09.6]| 198]197.5] 13.8]| 258]257.4] 18.0 
19} 19.0} O1.3]] 79] 78.8} 05.5 139'138.7 09.7|| 199}198.5| 13.9]| 259}250.4| 18.1 
20} 20.0} O1.4]} 80} 79.8] 05.6]} 140,139-7| O9-8}] 200]199-5] 14.0}| 260]259-4] 18.1 
21| 20.9] O1.9|) 81] 80.8) O5.7|| 1411t40.7| 09.8|| 201/200.5| 14.0] 261,260.4] 18.2 
22) 21.9] OL.5|] 82] 81.8} 05.7 r4alT41.7 09.9]| 202]201.5} 14.1]| 262/261.4] 18.3 
23| 22.9] Or.6|| 83] 82.8] 05.8l] 143'142.7| 10.0]] 203]202.5] 14.2]! 2631262.4] 18.3 
24] 23.9] O1.7|| 84} 83.8] 05.9]] 144/143.6] 10.0|] 204]203.5| 14.2]| 264|263.4)'18.4 | j 
251 24.9] OF.7|} 85} 84.8! 05.9]| 145'144.6] 10.1]] 205}204.5] 14.3]| 2651264,4| 18.5 
26] 25.9] o1.8]| 86] 85.8) 06.0! 146'145.6] 10.2]! 206]/205.5] 14.4|] 266 mb 4| 18.6 
27| 20,9] OL.9|| 87] 86.8) 06.1]) 147|146.6] 10.3]] 207/200.5] 14.4|] 267|266,3} 18.6 
28] 27.9] 02.0}] 88] 87.8) 06.1]! 148!147.6] 10.3]| 208]207.5] 14.5]! 268]267,3] 18.7 
29] 28.9] 02.0] 8g} 88.8] 06.2!) 149'148.6] 10.4] 209]/208.5} 14,6]| 269]268, 3] 18.8 | § 
30| 29.9; 02-1]} go} 89.8} 06.3]| 150 149.6] 10.5 _210}209.5] 14.6 _ 270269 . 3 3] 18.8 
31} 30.9] 02.2]| gr} 90.8] 06.3]] r51/150.6) 10.5|| 211)210.5| 14.7|| 271/270.3] 18.9 
32| 31.9] 02.2)| 92] 91.8] 06.4 152/151, 6} 10.6]| 212]211.5| 14.8]] 272/271.3} 19.0 
33| 32-9] 02.3]] 93} 92.8) 06.5]) 153'152.6] 10.7|| 213/212.5| 14.9)| 273/272.3] 19.0 
34| 33-9] 02-4|| 94] 93.8] 06.6] 154'153.6| 10.7] 214|213.5] 14.9]] 274]273.3] 19.1 
35) 34-9] 2-4/1 95] 94.8] 06.6)| 155 154.6] 10.8]] 215]214.5] 15.0]| 275|274.3} 19.2 
36] 35.9] 02.5]1 96] 95.8] 06.7]] 156,155.6] ro.gj] 216/215.5] 15.1|| 276]275.3) 19.3 
37| 36.9] 02.6]| 97] 96.8] 06.8]) 157,156.6] 11.0] 217/216.5] 15.1|} 277/276.3} 19.3 
38] 37.9] 02.7|| 98] 97.8] 06.8]| 158 157.6) r1.0]] 218/217.5] 15.2|| 278]277.3] 19.4 
39] 38.9] 02.71 99] 98.8} 06.9] 159 158.6] 11.1|] 219]218.5]| 15.3]| 279|278.3] 19.5 
40} 39-9} 02-8]} Too} 99.8} 07.0]| 160 159.6] 11.2 _220)219.5} 15-3 _280]279 +3] 19-5 
41) 49.9] 02.9) Tor|100 8| 07.0]! 161|/160.6] 11.4|| 221/220.5] 15.4|| 281|280.3|] 19.6 
42] 41.9] 02.9]} 102/101.8] 07.1|| 162)161.6] 1x. 3|| 222]221.5) 15.5] 282/281.3] 19.7 
43] 42.9] 03.0]] 103]102,7] 07.2|| 163,162.6) 11.4]! 223]222.5] 15.6]| 283)282.3) 19.7 
44| 43.9] 03.1] 104]103.7] 07.3]| 164/163.6] 11.4)| 224/223.5| 15.6]| 284]283.3] 19.8 
45| 44.9] 03.1] 105]104.7| 07.3]| 165|164.6| 11.5]) 225]224.5] 15.7|| 285]284.3] 19.9 
46] 45.9] 03.2]| 106]105 7] 07.4 166165 .6 11.6]| 226|225.4] 15.8|] 286|285.3] 20.0 
47} 46.9] 03.3]| 107|106.7| 07.5|| 167,160.6| 11.6|) 227/226.4] 15.8]| 2871286.3] 20.0 
48! 47.9} 03.3]|| 108]107.7| 07.5|| 168:167.6] 11,7|| 228]227.4] 15.9 288 287.3] 20.1 
49] 48.9] 03.4]] 109|108.7| 07.6|| 169 168.6] 11.8|| 229]228.4} 16.0|] 289/288. 3) 20.2 
__ 501 49-9] 03-5]| 110]109.7} 07-7|| 170 169.6} 11.9]] 230/229.4 16.0 290 289.3] 20-2 
§1| 50.9] 03.6|| r11|t10.7| 07.7|| 171 170.6] 11 231}230.4| 16.1]| 2911290.3] 20.3 
52] 51.9) 03.6]| 112/111.7| 07.8|) 172 171.6) 12 232\231.4| 16.2|| 292]291.3} 20.4 
53) 52-9] ©3.7|| 113|I12.7| 07.9 23 9 7A 12 2331232.4| 16.3]| 293/292.3} 20.4 
O 
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6u| 59.9] 04.2 _T20)119.7 08 [380.1796 6) 12. 2.40}239 «4 (16.7 _309]299-3} 20.9 
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TABLE II. 
Difference of Latitude and Departure for 5 Degrees, 
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OI.0} OO. -3|| 121|120.5] 10.5 : 8] 241/240. 
02.0 122/T21.5 QAUN2AT« 
03.0 123/122.5 2.431242. 
©4.0 124/123.5 244|243. 
05.0 125|124.5 245/244. 
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140|139-5 
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221|220.2 -3}| 281/279.9 
222/221.2] 19.3]| 282/280.9 
223(222.2| 19.4]| 283/281. 
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T05|104. 
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2121208. 
213}209. 
Q14|2I0. 


216)212. 
217/213. 
218/214. 
219|215.7 


“JS SY I ST COCO CO 


220/216.7| : 


231|227.5 


1223.5 


Dist| Lat. 
241237 3 


NW WP D&D DW WD 


249/245. 
250/240. 

2511247. 
252/248. 
2531249. 
254|250. 
255/251. 
2561252. 
257/253 + 
258}254. 
2591255. 
2601256. 
261|257.0 
2621258. 


i eo > eo! 


for 80 Degrees. 


TABLE II. 27 | 
Difference of Latitude and Departure for 11 Degrees. 


“Ipistl Lat. Dep.| \Dist Lat. Dep, Dist Lat. | Dep.||Dist} Lat. | Dep.||Dist| Lat. Dep. 


t| 01.0] 00.2/| 61), 59.9] 11.6 “yar|118.8 ree “181 177.7| 34.5]| 241 236.6 Rae ot 
2| 02.0] 00.4)! 62) 60.9] 12.8]| 122]119.8) 23.3]) 182]178.7] 34.7]] 242/237.6) 40.2 
3| 02.9] 00.6]| 63] 61.8] 12.0]/ 123]120.7! 23.5]! 183]179.6] 34.9]| 243/238.5] 46.4 
4| 03.9] 00.8]| 64) 62.8) 12.2]| 124]12r.7] 23.7]] 184/180.6] 35.1]] 244/239.5] 46.6 
5} 04.9] OF.O}] 65) 63.8} 12.4]] 125]122.7] 23.9|) 185|181.6] 35.31] 245/240.5| 46.7 |. 
6] 05.9] OT.1|| 66] 64.8) 12.6) 126/123.7| 24.0]] 186)182.6] 35.5|] 246/241.5| 46.9 
4| 06.9} 01.3]/ 67|, 65.8) 12.8]| 127/124.7] 24.21] 187]/183.6] 35.71] 247/242.5] 47.1 
8} 07.9] OT.5]] 68) 66.8) 13,0]| 128)125.6] 24.4] 188)184.5] 35.9] 248]/243.4] 47.3 
g| 08.8] O1.7]) 69) 67.7] 13.2 io 126.6} 24,6] 189|185.5| 36.1]| 249|244.4| 47.5 
To} 09.8} OF.g]} 70) 68.7) 13.4|) 130/127.6} 24.8 Igo 186.5 36.31) 250|245.41 47.7 
Ir} 10.8} 02.1|| 71] 69.7] 13.5]| 131 128.6 25.0 “Tg1|187.5 36.4] 2§11246.4] 47.9 
12| 11.8} 02.3!) 72] 70.7) 13.7]| 132]129.6) 25.2]1 192/188 5] 36.6] 252/247.4] 48.1 
13] 12.8] 02.5]) 73] 71.7) 13-9]] 133]130.6) 25.4]! 193]/189.5] 36.8]] 253/248.4] 48.3 
14} 13.7} 02.7||~ 74] 72.6) 14.1]] 134/131.5| 25.6)| 194/190.4| 37.0]] 2541249.3] 48.5 | 
75] 14.7) ©2.9)) 75) 73-0) 14.3]] 135|132.5] 25.8]| TOS|I9I.4) 37.24) 255/250.3} 48.7 
16] 15.7|°03.1l] 76] 74.6) 14.5]] 136/133.5} 26.0l] 196|192.4] 37.4] 256/251.3] 48.8 
17| 16.7| 03.2|| 77] 75.6] 14.7}) 137|134.5| 26.1]| 197/193.4] 37.6]} 2571252.31 49.0 
18} 17.7] 03.4|| 78} 76.6) 14.9]| 138)135.5!| 26.3] 198]194.4] 37.81] 258/253.3] 49.2 
19}18.7| 03.6]| 79} 77.5] 15.1|| 139|136.4] 26.5]! r9g/195.3] 38.0] 259/254.2] 49.4 
20] 19.6] 03.8]} 80] 78.5] 15.3]| 140|/137-4] 26.7|| 200]/196.3] 38.2]] 260]25§.2] 49.6 
21} 20.6) 04.0]] 81} 79.5] 15.5}} 141/138.4] 26.9]| 207/197.3] 38.4]] 261]256.2| 49.8 
22) 21.6} 04.2] $2) 80.5] 15.61] 142/139.4] 27.1]| 202/198.31 38.5]| 262/257.2] 50.0 
23) 22.6) 04.4 3} 81.5] 15.8]] 143{140.4] 27.3]1 203/199.3] 38.7]] 2631258.2] 50.2 
24! 23.6] 04.0] 84} 82.5} 16.0 r44]141.4] 27.5]| 204/200.3| 38.9H 264/259.1] 50.4 
251 24.5) 04.8]} 85) 83.4] 16.2]) 145/142.3] 27.7 205)201 .2 39.11] 2651260.11 50.6 
26] 25.5] 05.0]] 86) 84.4) 16.4]| 146)143.3} 27.9|| 206/202.2] 39.31) 266/261.1] 50.8 
a7} 26.5] O5.2/| 87) 85.4] 16.6]! 147/144.3] 28.0]] 207/203.2] 39.5]| 267/262.1] 50.9 
98) 27.5) 05.3/| 88) 86.4] 16.8]| 148]145.3} 28.2 208 204.2) 39.71) 268/263.1| 51.1 
29) 23.5) 05.5]] 80) 87.4) 17.0]] 149]/146.3] 28.4]| 209]205.2! 39.9]] 269/264.1] 51.3 
30] 29 4] 05.71} go} 88.3] 17.2f) 150)147.2] 28.6]| 210/206.1| 40.1]| 270]265.0] 51.5 
H | 32) 30.4) 05.9) 9x] 89-3) 17.4], 151[148.2] 28.8) 213/207.1) 40.3]| 271/266.0) 51.7 
H |} 321 31.4] 00.1 2| 90.3} 17.6]| 152|149.2] 29.0]) 2121208.1| 49.5]| 272/267.0)] 51.9 
|} 33] 32.4 06.3!) 93} 91-3} 17.7] 153/150.2] 29.2]} 213/209.1] 40.6]) 273]268.0] 52.1 
A’ 34) 33.4) 06.5]| 94] 92.3] 17.9]| 154)151.2| 29.4]1 214/210.1} 40.8]| 274|269.0} §2.3 
F135! 34.4) 06.7]| 95] 93.3] 18.41] 155/152.2) 29.6]| arslarz.o] 41.0] 2751269.9| 52.5 
| 30} 35.3] 06.9]! 96] 94.2) 18.3]! 156|153.1] 29.8] 216/212.0] 41.2)| 276/270.9] 52.7 
4 | 37| 36-3] 97-1) 97| 95-2) 18.5) 157/154.1| 30.0)) 277/213.0) 41.4|| 277/271.9] 52.9 
33} 37.3} 07-3]! 98! 95.2) 18.71] r58IT55.1] 30.11) 218/274.0] 41.6]] 2781272.9] 53.0 
39} 38.3] 07-41] 99] 97 18.9 159|156.1) 30.3] 219/215.0} 41.8|| 279/273.9| 53.2 
: 40| 39.31 07.61) roo] 98 19.1}| T60]/157-1| 30.5]] 220)216.0} 42.0)| 280/274. 9} 53-4 
AI} 49.2] 07.381} tor] 99 19 .4| 161/1§8.0) 30.7]| 221/216.9] 42.2]| 2811275.8] 53.6 
B42) 417.2) 08.0)) 102/100,1] 19.5]] 162)159.0] 30.9]] 222)217.9| 42.4]| 282]276.81 53.8 
1} 43) 42.2) 08.21 ro3lror.1] 19.7|| 163/160.0) 3r.1 223/218.9] 42.6]| 283}277.8] 54.0 
rt AAI 43:2 084 TO4|TO2 19.8|| 164|16X.0} 31.4]| 224/219.9] 42.7]| 284/278.8] 54.2 
A5| 44.2) 08.61) 105/103.1]. 20,0] 165|162.0] 31.5)| 225|220.9] 42.9]| 2851279.81 54.4 
46} 45.21 08.8)) 106/104,1] 20.2]} 166)163.0] 31.7|| 226/221.8! 43.1]| 286]280.7] 54.6 
47) 46.1] C9.O]] 107)705.0] 20.4]] 167|163.9] 31.9]| 227/222.8] 43.3]] 2871281.7] 54.8 
48] 47.1) 09.2] 108)106,0] 29.6]] 168/164.9) 32.1]] 228/223.8) 43.5]] 283 282.7 55.0 
49} 48.1) 09.3]} Toglt07 0] 20,8]} 169/165 .9} 32.21) 229/224.8] 43.7|| 289/283.7]| 55.1 
$0] 49-1) 09.5}| T10j108.0/ 21.0}) 170 166.9 32.4]| 230}225.8} 43.9 2902847 55.3 
§1| 50.1] 09.7|| ITI;/BOQ.O| 21.2)! 171 167.9 32.6\| 231/226.8] 44.71] 297/285.7] 55.5 
52) 51.0] 09.9]| 112}109.9] 21.4]] 172]168.8] 32.81) 232/227.7] 44.3]1 292/286.61 55.7 
53] 52.0) 10.1} Ir3irro0.9} 21.6)| 173/109.8) 33.0]] 233/228.7} 44.5]| 2931/287.6) 55.9 
$4] 53.0} 10.3]! Tr4]/11z.9] 21.8} 174/170.8) 33.2]| 234/229.7] 44.6)) 2941288.6] 56.1 
55| 54.0) 10.5|| TI5/112.9] 21.9]] 175|171.8! 33.4]) 235/230.7| 44.88) 2951289.6] 56.3 
56) 55.0] 40.7]| 126/113.9] 22.1]| 176)172.8] 33.6]| 236/231.7] 45.0|| 296)290.6] 56.5 
57| 56.0] 10.9]| 127|t14.9] 22.31] 177|073.7| 33.31] 237|232-6] 45.2]1 297/291.5] 56.7 
58} 56.9] 11.1], 1r8|115.8] 22.5)| 178|174.7) 34.0]| 238]233.6) 45.4|| 298|292.5] 56.9 
59] 57-9] 12.3|] rx9|116.8| 22.7|] 179[075.7| 34.2] 2391234.4) 45.0] 299]293.5| 57.1 
60} 58.9] I1.4]| 120]117.8] 22.9 _180|176.7 34.3]| 240]235.6) 45.81) 300/294.5| 57-2 
Dist! Dep.| Lat. ||Dist} Dep.| Lat. Dist Dep.| Lat. ||Dist| Dep.| Lat. ||Dist Dep.| Lat. 
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102] 99.8 
103|100.7 
IO4|I01.7 
105|102.7 
106|103.7 
107|104.7 
108}105 ,6 
109|106 6 


II1|108.6 
112|109.6 
II3|II0.5 
TI4|FII.5 
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TABLE Uh 
Difference of Latitude and Departure for 12 Degrees, 


Lat. | Dep.||Dist} Lat. 


121/118. 
122119. 
123/120, 
124/121. 
125/122, 
126)123. 
127/124. 
128/125, 
129|126, 
130|127. 
131/128. 
132/129. 
1 33|130. 
134131. 
135|132. 
130/133. 
137|134. 


YN YP YN Pp YN GO Gow 


OOO HH eH 


141|137.9 
142|138.9 


143)139-9) 


144|140.9 
145|141.8 
146|142.8 
147|143.8 
148/144.8 
149|/145.7 
1§0|146.7 
151|147. 
152|148. 
153/149. 
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Dist} Dep. 
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181/177 .0 


182/178.0] ¢ 


183|179.0 
184|180.0 
185|I8I.0 
186/181 .9 
187|182.9 


188]183.9] 2 


189]184.9 


OO sTtnGs O ON 


Tgo|185.8 


191|186.38}) 4 


192|187.8 
193}188.8 
194/189 .8 
195|190.7 
IgO|191.7 
197|192.7 
198]193 «7 
199|194.7 
200/195 .6 
201|196.6 
202/197 .6 
203/198 .6 
204)199.5 
205]200,5 
206|201.5 
207|202..5 
208/203 .5 
209|204.4 
210/205 «4 
211|206.4 
212|207 .4 
2.131208 .3 
2141209 .3 
215|210.3 
| 216/211 .3 
217|212.3 
213/213 .2 
219|214.2 


SiS ys Fy bunt mua 


DO OAR LO 


220/215 .2 


221\216, 
242277 
2.23\218, 

241219, 
2251220, 
2%0\221. 
L271222, 
228)223 

29/224, 


231|226. 
2321226. 
233)227. 
234/223 . 
235|229. 
2.361230. 
2371231. 
238|232. 
239)233- 
2.40|2.34.8 


Dist} Dep. 


for '78 Degrees. 


§0.1 
59-3 
50.5 
59-7 
59.9 
51.1 
51.4 
51.6 
51.8 
52.0 
52 2 
52.4 
52.6 
52.8 
53-0 
53-2 
53-4 
53.6 
53.8 
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54-5 
54-7 
» 54-9 
55-1 
55-3 
55-5 
# 
a 


56.3 
56.6 
56.8 
57-0 
i ee) 
57-4 
57.6 
57.8 
58.0 
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58.4 
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TABLE IF. 
Difference of Latitude and Departure for 13 Degrees. 


I21|117. 
122/118. 
123|119. 
124/120. 
125\1ar. 
126/122. 
127|123. 
128/124, 
129]125. 
130|126. 
133|127. 
132/128. 
133/129. 


“isi sIsY 00 CO WH COO OO 


T35)131. 
136/132. 
137|133. 
138134. 
139/135. 


140|136.4 


I41|137.4 
142}133.4 
143|139.3 
144/140.3 
145|141.3 
146|142.,4 
147|143. 
148/144, 
T49)145. 
150|146. 
I51|147. 
152/146. 
1531149. 
154/150. 
T5§5|151. 
156|152. 
157|153. 
158|154. 
159]154. 
16o0|155. 
T61|I5 
162|157 
163|158 


165|160 
166|161 
167|162 
168|163 
169|164 7 
T7O|165 .6 
171|166.6 
172|167 .6 


173/163 .6} : 
174|169.5} 


175|17°.5 
T76|171.5 


£77|172.5) : 


178/173 .4 
T79\174.4 
180|175.4 


Dep. 


BOAUMMUN ARAN 


9 
8 
8 
164/159.8] : 
8 
+7 
+7 
7 


181|176.4| 40.7 
182|177 .3| 40.9 
183/178.3| 41.2 
184\179.3| 41. 

185/180, ' 
ISO|LO1, 
187|182. 
188|/183. 
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5 tre 


ppp . 
mp bp 
O COtr& HO 


| 
| 


201/195 .8} 4 
202|196.8] 45.4 
203|197.8] 45.7 
204|198.8) 45.9 
205|199.7| 46.1 
206|200.7| 46.3 
207|201.7| 46,6 
208|202.7| 46.8 
209|203. 
210|204. 
211/205. 
212/206. 
213|207. 
214/208. 


tn 
N 


rm OO COMDdD 
“Itn& =e COAL pon 


231|225.1 
2.321226, 1 
2.331227 .0 
234/228 .0 
2.351229 .0 
236/230,0 
237 |239.9 
238/231 .9 
239/232.9 
240|233.8 


Lat. ||Dist} Dep.| Lat. 


nod O CAD HON 


b 
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for 77 Degrees. 


298/290. 
299/291. 
300|292. 
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y 0 OOwW FONLH HW 


Dep.}|Dist| Lat. | Dep. 


O COtnbs HO AB b ¢ 


|Dist] Dep.| Lat. | § 


| 30 TABLE M0. 
Difference of Latitude and Departure for 14 Degrees. 


Dist| Lat. | Dep.||Dist| Lat. | Dep.||Dist]} Lat. | Dep.||Dist| Lat. | Dep.||Dist} Lat. | Dep. 


neers | ee | | | |) | | | | | | | | |] — | | J — 


I] OL.0] 00.2]] 61) 59.2] 14.8]] Taz|117.4] 29.3 43.8]! 241/233.8] 58.3 
Q| OL.g] 00.5]} 62} 60.2] 15.0]| 122]118.4] 29.5 44.0}] 2421234.8] 58.5 
31 02.9] 00.7|| 63} 61.1] 15.2]! 123]119.3] 29.8 44.3]] 243/235.8] 58.8 
4] 03.9] OF.o]] 64) 62.1] 15.5]] raq|r20.3) 30.0 44.5!] 2441236.81 59.0 
§| 04.9] OF.2l! 65) 63.1] 15.7]| 1a5}121.3] 30.2 44.8]| 245|237.7] 59.3 
6} 05.8] O1.5]| 66) 64,0) 16.0]] 126]122.3] 30.5 45.01 246/238.7] 59.5 } 
41 06,8} Or.7]} 67] 65.0] 16.2]| 127)123.21 30.7 45.21] 247/239.7] 59.8 
8] 07.8] or.g]] 68} 66.0} 16.5]| 128]124.2] 31.0 45.5]| 248|240.6] 60,0 
g| 08.7] 02.2]| 69) 67.0] 16.7]; 1a9]125.2] 31.2 45.7|| 2491241.6} 60,2 
i | IO} 09.7] 02.41} 7o} 67.9} 16 130/126.1] 31.4 46.0}| 250/242.6] Go.5 
TI] 10.7] 02.7]} 71] 68.9] 17 131|127.1| 31.7 46.2) 251/243.5] 60.7 
12] 11.6] 02.9] 72] 69.9] 17 132|128.1} 31.9 46.4|) 252/244.5] 61.0 
13} 12.6] 03.1] 73) 70.8] 17 133/£29.0} 32.2 46.711 253/245.5] 61.2 
14] 13.6} 03.4]| 74] 71.8] 17 134/130.0] 32.4 46.9|| 254|246.5] 61.4 
15} 14.6 03.6]| 75) 72.8] 18 135|131.0] 32.7 47.21 255/247.4| 61.7 
16] 15.5] 03.9]] 76) 73.7] 18 136|132.0| 32.9 47.4]] 256|248.4] 61.9 
17) 10.5} 04.1 77] 74.7} 18.6] 137/132.9) 33.1 47.7|| 257/249.4| 62.2 
18) 17.5] 04.4]] 78) 75.7} 18.9]) 138/133.4] 33.4 47 .9|| 258)250.3] 62.4 
Ig} 18.4] 04.6]] 79] 76.7] 19.1]] 139)134.9] 33.6 48,1|| 259]/251.3] 62.7 
20] 19.4] 04.8] 80] 77.6] 19.4]| 1401135.8] 33.9 1g 48.4|| 260/252.3] 62.9 
2] 20.4] 05.1]| 81} 78.6} 19.6]) 147/136.8} 34.1 48 .6]] 261|/253.2| 63.1 
22) 21.3! 05.3|| 82) 79.6] 19.8} 1421137.8] 34.4 48.g]] 262]254.2] 63.4 
231 22.3] 05.6]| 83! 80.5] 20.1 8.81 34.6 49.11 2631255.2] 63.6 
24] 23.3) 05.8] 84] 81.5] 20.3 39.7] 34.8 49.41) 2641256.2] 63.9 
25| 24.3} 06.0} 85} 82.5} 20.6]] 145]140.7| 35.1 49.6)| 265|257.1] 64.1 
26] 25.21 06.3] 86] 83.4] 20.8]] 146/141.7| 35.3 49.8] 266]/258.1) 64.4 
271 26,2] 06.5 7| 84.4] 21.0 142.6] 35.0 §0.1| 267/259.3) 64.6 
28| 27.21 06.8] 88! 85.4} 21.3l] 1481743.6] 35.8 50.3 268|260,0) 64.8 
29} 28.1] 07-0l] 8g} 86.4] 21.51] 149]144.6] 36.0]| 209]202.8] 50.6]) 269/261 .0) 65.1 
320] 29.1] 07.3]] go] 87.3] 21.8]1 150]145.5] 36.3 203.8] 50.811 270/262.0] 65.3 
31 30.1] 07.511 91) 88.3] 22.0] 15§11146.5| 36.5 51.0 2711253.0] 65.6 
32) 31.0] 07.7]1 92) 89.3] 22.3 .5| 36.8 51.3 272|263-9 65.8 
33] 32.0) O8.0]f 93] 90.21 22.5 5] 37.0 §1.5l] 2731264.9] 66,0 
341 33.0} 08.2] 94) or.2] 22.7 ol 3953 51.8 2741265 .9 66.3 
35] 34.0] 08.5] 95] 92.21 23.0 4 37-5 § 2.0] 2751266.8) 66,5 
36) 34.9] 08.711 96] 93.1] 23.2 4) 37.7 §2.311 2761267.8] 66,8 
37| 35-9] O9.OH 97] 94.1] 23.5 -3| 38.0 §2.5|| 277|268.8] 67,0 
38] 36.9] 09.2} 98) 95.1) 23.7 3-31 38.2 52.7|| 278|269.7! 67.3 
39| 37.8 09.4) 99} 96.1} 24.0 3] 38.5 53-Ol] 279/270.71 67.5 
40] 38.81 og.7!| 100] 97.0] 24.2 «21 38.7 §3-2|) 2801271.7) 67.7 
41} 39.8 29-9 IOI} g8.Ol. 24.4]} 161]156.2| 38.9 53-5) 281/272.7! 68.0 
42] 40.8 10.21] 102) yg.0} 24.7|| 162]157.2] 39.2 53-7]! 2821273.6| 68.2 
43] 41.7] 10.4]] 103} 99.9] 24.9]] 163]158.21 39.4 53-9] 2831274.6] 68.5 
44] 42.7] 10.6] 104]100.9} 25.2} 1641159. 1| 39.7 54.2|| 284/275.6] 68.7 
45] 43.7] 10.9]] Iosjror.g| 25.4]} 165 ie 39.9 54.4|| 285|276.5| 68.9 
46) 44.6) 1¥.1]| 106]102.9| 25.6]| 166/161.1| 40.2 54.7|| 286|277.51 69.2 
47 6] 11.4]] 107|T03.8] 25.9|| 167|162.0) 40.4 54.9]} 2871278.5] 69.4 
43} 46.6) 11.6]| ro8}z04.8} 26.1]} 168]163.0} 40.6 55-2|| 288]279.4] 69.7 
49} 47.5] I1.9}} Logizos 8] 26.4]| 169!164.0] 40.9 §5.-4]| 289|280.4| 69.9 
§O| 48.5) 12.1}) 110)106.7| 26.6}! 170)165.0) 41.1 55-60 290)281.4] 70.4 
51] 49.5} 12.3]! rx11]107.7) 26.91 171|165.9} 41.4 55-9} 291|282.4| 70.4 
52 50.5] 12.6) 112/108.7) 27.1|) 172|/166.9| 41.6 56.1]| 292|283.3| 70.6 
53] 51.4] 12.5] 113]109.6| 27.3] 1731167.9] 41.9 56.4]| 293/234.3] 70.9 
54] 52.4] 13.1/| 114)110.6} 27.6]] 174/168.8] 42.1 56.61 294]285.3) 74.1 
55] 53 4] 13.31) r15jrxr.6| 27.81) 175|169.8] 42.3} 56.9]| 295|286.2] 77.4 
56) 54 3, 13.51) 116)112.6) 23.1)) 176/170.8) 42.6 57.1|| 296|287.2] 71.6 
57 3] 13.0|| 117]113.5] 28.3]] 177|272.7| 42.8 §723]] 297|/288.a] 71.9 
53] 56.3) 14.0} r18}114.5} 28.6]) 1781172.7] 43.1 57.6] 298]289.1] 72.1 
59} 57.2] 14.3]| TIQ|11§.5] 28.8]) 1791173.7| 43.3 57.8|| 299|290.1 72.3 
60} 58.2) 14.5|1 120)116.4! 29.0l] 180lT74.7] 43.5 §3.1|]| 300}41.1| 72. 


Dist] Dep.| Lat. ||Dist] Dep. Lat. {|Dist| Dep.| Lat. ||Dist| Dep.| Lat. ||Dist| Dep.| Lat. 
for 76 Degrees. 


TABLE If. 
Difference of Latitude and Departure for 15 Degrees. 


Dist| Lat. | Dep.||Dist| Lat. | Dep.||Dist| Lat. | Dep.||Dist| Lat. | Dep.|/Dist| Lat. | Dep. 
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ty OL. 
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241|232.8 
242|233.8 
243/234-7 
24412357 
245|230.7 
9461237 . 6) 
247/238 .6| 6: 
248)239.5| 64. 
2.49|240.5| 64. 
250|241.5} 64. 
251\242.41 
252/243. 
2531244. 
2541245 .2 
255/240. 
2561247 .3! 
2571248. 
2581249. 
2591250. 
260}251 . 1 
261|252.1 
262|253.1 
263}254.0 
2641255.0 
205|198. .I]} 265|250.0 
206|199. -3]| 266/256.g 
207|199.9] 53.6]| 267/257 .9) 
208|200.9 .8]] 268}259.9 
209}201 .9] 54.1]| 2691259.38 
* 210|/202.8] 54.41] 270/260.8) 
211120338} 54.6]| 271/262. 
2121204, 4.9]| 272|262.9 
213/205. 2731203. 
2.14206. 274\264. 
9151207. 2.75|265. 
216)208, 276|206., 
217|209. 2791207 
158/152. 218/210, 2781268. 
T59|153. QLg|21T. 2791269, 
160|154.5| 41-4]| 220]212. 280/270. 
IOi|I55. YAT|213.5 281|271. 
162|156. 222|214. 2821272. 
163|157. 223/275. 2831273. 
164/158. 224/216. 2841274. 
165/159. Q25/207 | 285]275 
166|160. 226]21%. 2861276, 
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168}162. 2.28}220, 288/278. 
169/163. 229/221. 239}279. 
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I71|165. 2.31|223. agi|281. 
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173)167, 2.33)225. 293|283. 
174|168. 2.34|220. 2941284. 
1751169. 2351227. 2.95|234. 
1761170. 230}228. 296}285 . 
177\171. 8i| 237/228 .9 297/286. 
T78|T7T.9} 46.1|| 238/229 .9 298|287. 
TiQjtr4.9}| 30.8]] 179/172.9] 46.3)| 239]230.9 299/288. 
T2O]TI5.9] 31.1]] 1801173.9 6) 240]231.8 3001289.8 


Dist| Dep.| Lat. ||Dist| Dep. Lat. ||Dist| Dep. 
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Difference of Latitude and Departure for 16 Degrees. 
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Difference of Latitude and Departure for 17 Degrees. 
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TABLE II. 
Difference of Latitade and Departure for 18 Degrees. 
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Dist] Lat. | Dep. [Dist Lat. | Dep.||Dist] Lat. | Dep. 
Ij OF.0} 00.3]! 61} 58.0} 18.9)) raz|115.1| 37.4 
2} 0x.9| 00.6]| 62] 59-0] 19.2]] 122|116.0} 37.7 
31 02.9] 00.9]] 63] 59-9] 19.5|] 123]117.0] 33.0 
Ai 03.8] O1.2]1 64] 60.9} 19.8]} 124]117.9] 38.3 
5} 04.8} Or.5if 65} 61.8} 20.1]! ra5lt18.y} 33.6 
6} 05.7 01.9|| 66] 62.8] 20.4] 126]119.8| 38.9 
7} 00.7} 02.2|! 67) 63.7] 20.7|| 127|120.8} 39.2 
$| 07.6] 02.5]| 68] 64.7] 21.0) 128]121.7]. 39.6 

gl 08,6] 0248) 69) 65.6) 21.3]) 129/122.71 39.9 
To] 09.5] O3.1]| 70} 66.6) 21.6]) 130|123.6), 40.2 
11} 10.5| 03.4]| .71) 67.5] 21.9]| 131|124.6) 40.5 
12| I1.4; 03.7]| 72) 68.5) 22.2}! 132/125.5). 40.8 
13, 12.4] O4.ol] 73) 69.4] 22.5]| 133/126.5] 4.1 
14] 13.3] 04.3]1 74) 70-4) 22.9]) 134/127.4] 41.4 
I5| 14.3} 04.61] 75] 71.3] 23-2]| 135|128.4] 41.7 
16! T5.2) 04.9 76} 72.3) 23.51) 136)129.3) 42.0 
17} 16.2) 05.3]] 77} 73-2] 23.9]! 137/130.31 42.3 
18] 17.1] 05.6]| 78) 74.2] 24.1]) 138]131.2] 42.6 
x9) 18.1/ 05.91) 79] 75-1] 24.4] 139]132.2] 43.0 
20] 19.0] 06.2! 80] 76.1) 24.7|| 140]133.1| 43.3 
21} 20.0] 06.5]| 81] 77.0] 25.0]| 141/134.1| 43.6 
22) 20.9] 06.8]/ 82) 78.0] 25.3]| 1421735.) 43.9 
231 21.9] 97.1 a] 78.9] 25.6]! 143/236.0] 44.2 
24) 22.8] 07.4] 84! 79.9] 26.0]] 144/237.0] 44.5 
25} 23.8] O7.7|| 85) 80.8] 26.3]| 145/137.9] 44.8 
26] 24.7| 08.0]] 86) 81.8} 26.6)| 146/238.9] 45.1 
27} 25.7] 08.3 7} 82.7) 26.9]] 147/139.8] 45.4 
23} 26.6] 08.7]| 88) 83.7] 27.2)1 r48!140.8) 45.7 
29) 27.6] 09.0% 89] 84.6) 27.5]1 149|141.7] 46.0 
30] 28.5] 09-31} go] 85.6) 27.8)! 150/142.7] 46.4 
31] 29.5] 09.6) g1| 86.5) 28.21] 151/243.6) 46.7 
32| 30.4] 09.9]1 92] 87.5] 28.4]| 152/244.6] 47.0 
33) 32-4] 10.2|| 93] 88.4) 28.7/| 1531145.5) 47.3 
34) 32-31 10.5] 94) 89.4] 29.0]! 154]146.5] 47.6 
35} 33-3} 10.8|] 95] 99-4] 29.4]) 155/147.4] 47 9 
30! 34.2) II.z]| 96] 91.3] 29.7]| 156/148.4] 48.2 
37} 35-2) IT.4]] 97] 92-3) 30.01] 157/149.3! 48.5 
33} 36.1) 11.7]} 98} 93.2} 30.3]] 158)150.3) 48.8 
39| 37.1] 12.1] 99] 94.2] 30,6)) Isgit5r.2) 49.1 
40| 38.0] 12.4]] roo] 95-1] 30.9] 160|152.2] 49.4 
AI} 39.0} 12.%|} rox] 96.1] 31.2]| 161.753.1| 49.8 
42] 39.9] 13.0]] 102] 97.0] 31.5]} 162|154.1] 50.1 
43| 40.9]. 13.3]] 103} 98-0} 31.8}, 163/155 .0] 50.4 
44| 41.8] 13.6]/ roa} 98.9] 32.1]| 164)150.0] 50.7 
45| 42.8] 13.9] 105} 99-9] 32.4]} 165|156.9| 54.0 
46] 43.7] 14.2]| 106/100.8] 32,8]| 166)157.9) 51.3 
47} 44.7| 14.5|| ¥o7|101.8] 33.1|] 167/153.) 51.6 
48] 45.7] 14.8]| 198]/T02.7] 33.4]| £68]159.8] 51.9 
49| 46.6) 15.1|} 109|103.7] 33.7|| 169|160.7| 52.2 
50] 47-6] 15.5] 1ro}104.6) 34.0l] 170/161.7| 52.5 
51; 48.5] 15.8]} rrrjr105.6| 34.3]| 171\162.6| 52.8 
52! 49.5] 16.1]| 112|106.5] 34.6]| 172/163.6) 53.2 
§3| 50.4] 16.4]| 113/107.5}| 34.9]] 173/164.5] 53.5 
54] 52.4] 16.7]| ‘114/108.4] 35.4]] 174/165.5] 53.6 
55] 52-3} £7.0]| FI5|109.4] 35.5]| 175|166.4) 54.1 
56] 53.3) 17.3]| 116|110.3] 35.8]| 176)167.4] 54.4 
57| 54.2] 17.6!) 117/111.3} 36.2|| 177|168.3] 54.7 
§3] 55.21 17.9]| 118|112.2] 36.5]| 178|169.3] 55.0 
59| 56.1} 18.2]| r19/113.2] 36.8]| 179|170.2] 55.3 
60] §7-1| 18.5]| 120]114.1] 37.1]| r80|r71.2| 55.6 

Lat. ||Dist} Dep.| Lat. ||Dist| Dep.| Lat. 


Dist} Dep. 


Dist! Dep. 


for 72 Degrees. 


241|229.2] 74.5 
2421230.2) 74.8 
WA3\231 11.95 .1 
244|232.1| 75.4 
245}233-0) “5 7 
246|234.0] 76.6 
247|234.9} 76.3 
248|235.9) 76.6 
249 236.8 76.9 
2511238.7| 77.6 
252)239-7| 77 9 
25 3240.6] 78.2 
2.54|241.6] 78.5 
2551242.5] 78.8 
256/243 .5| 79.1 
2571244.4] 79.4 
258/245 .4) 79.7 
259|240.3) 80.0 
260/247 .3| 80.3 
261|248.2| 80.7 
2.62|249.21 81.0 
263}250.1| 81.3 
264|251.1| 81.6 
265|252.0] 84.9 
266/253.0) 82.2 
267|253.9} 82.5 
268)254.9] 82.8 
269|255.8| 83.1 
270|256.8} 83.4 
271|257-7) 83.7 |. 
2721258.7| 84.1 
2731259.6] 84.4 
274|260.6| $4.7 
275|261.5} 85.0 
276|262.5| 85.3 
277|203.4| 85.6 
2731264.4| 85.9 
279/265 .3| 86.2 | 
280]266. 3] 86.5 
281|267.2) 86.8 
282|268.2) 87.1 
283)269.1| 87.5 | | 
2841270.1| 87.3 | § 
285)271.11 887. fF 
286/272.0] 88.4 , | 
2871273.0] 88.7 
2.881273.9] 89.0 | | 
289|274.9| 89.3 | | 
290]275.8| 89.6 | § 
291|276.8! &9.9 | F 
292/277 +7).G0.2 | | 
293|278.7| 9.5 
294|279 6) 90.9 
295|280.6] 91.2 
290/281.5| 91.5 
297|282.5] 91.8 4 | 
298/283.4| 92.1 | # 
299|284.4| 92.4 } § 
Ricca ink 92.7 
|Dist| Dep.} Lat. 


——e 


Dep. Dist} Lat.| Dep. 


TABLE It. 35 
Difference of Latitude and Departure for 19 Degrees. 


| |Dist; Lat. | Dep.||Dist} Lat. Dep.| Dist Lat. | Dep.||Dist Lat. | Dep.||Dist) Lat.| Dep 
Ij 00.9} 00.3]} 61] 57.7] 19.9]| 12z|114.4] 39.4]] r83r]17r.0) 58.9] 241/227.0] 78.5 
2) O1.9} 00.7|| 62] 58.6) 20.2]| 122/11§.4] 39.7], 182]172.1) 59.31] 242/228.8! 78.3 
3] 02.8} Or.ol] 63) 59.6) 20.5]| 123}116.3) 40.0]] 183/173.0] 59.61] 243/229.8) 79.1 
4| 03.8] O©.3]] 64] 60.5] 20.8]) 224|117.2) 40.4]] 184/174.0] 59.91] 244/230.7| 79.4 
5} 04.7} O1.O]| 65] 61.5] 27.a]] 125/118.2) 40.71 1851174.9] 60.2}) 245/231.7] 79.8 
6} 05.7] 02.01] 66) 62.4] 21.5]| 126/119.1| 42.0] 186/175.9] 60.6}| 2461232.6) 80.1 
7| 06.6] 02.3]| 67] 63.3] 21.8]/ 127|120.1) 41.3]) 1871176.8] 60.9]! 247/233.51 80.4 
8} 07.6] 02.06]! 68) 64.3) 22.1]] r28/T2r.0] 41.7|| 188!177.8) 6r.2]] 2481234.5] 80.7 
g} 08.5] 02.9! 69) 65.2! 22.5]] rag]t22.0] 42.0 1891178 ..7 61.5]) 249)235.4] 81.1 
TO} 09-5] 03-3|| 70} 06.2} 22.8]) 130/T22.9] 42.3] rgq/T79.6) 61.91) 250)230.4] 81.4 
II} 10,4) 03.6]| 71] 67.2] 23.1]| 131]323.9] 42.6]| r91/180.6| 62.2]] 251/237.3] 87.7 
12] 11.3] 03.9]| 72] 68.1) 23.4]| 132/124.0] 43.0]] 19a/181.5] 62.5]) 252/238.31 82.0 
13| 12.3] 04.21) 73! 69.0) 23.8]) 133/125.8] 43.3]] 193/182.5| 62.81] 253/239.21 82.4 
14] 13.2] 04.6]) 74] 70.0} 24.1]| 134/126.7/ 43.6]| 194|/183.4] 63.2)! 254/240.2] 82.7 
15| 14.2] 04.9]! 75] 70.9] 24.4]] 135|127.6} 44.0]] 1951184.4) 63.5|| 255/241.1| 83.0 
16] 15.1] 05.2!| 76] 71.9) 24.7]| 136/128.6} 44.3]| 196/185.3) 63.8]! 256/242.11 83.3 
T7| 16.1] 05.5]| 77] 72.8] 25.1] 137/129.5) 44.6]| 197/186.3) 64.1]| 257/243.01 83.7 
18 es 05.9]| 78) 73.8] 25.4]] 138/130.5] 44.9] 198/187.2) 64.5]] 2581243.9! 34.0 
19] 18.0] 06.2]) 79) 74.7) 25-7 139/131.4] 45.3]! 199/188.2) 64.8 259/244.91 84.3 
20| 18.9] 06.5 8o} 75.6} 26.0}| 140]132.4} 45.6]) 200/189.1 65.1|| 260]245.8] 84.6 
QI! 19.9) 06.8) 81) 74.6] 26.4)| 141/133.3] 45.9]| 201/190.0) 65.4|| 261/246.8] 85.0 
22\ 20.8} 07.2|| © 82) 77.5] 26.7]| 1421134.3) 46.2]] 2021791.0] 65.81) 262/247.7] 85.3 
23) 21.7] 07.5|| 83] 78.5] 27.01] 143]735.2| 46.6]| 203/191.9] 66.1!| 263/248.7! 85.6 
a4] 22.7| 07.8]| 841 79.4] 27.31] 144/136.2] 46.9]| 204/192.9] 66.4]] 264/249.6] 86.0 
25| 23.6) O8.1]| 85] 80.4] 27.7|] 145]137.1] 47.2|| 205/193.8] 66.71) 265/250.6} 86.3 
26| 24.6) 08,5]| 86} 81.3] 28.0]] 146]138.0) 47.5]] 206)194.8} 67.1]; 266/251.5| 86.6 
a7 25.5) 08.8)| 87) 82.3] 28.31] 1471139.0] 47.9]] 207/195.7| 67.41] 267/252.5] 86.9 
23} 26,5) 09.1|| $8) 83.2] 28.7]| 148/139.9] 48.2]| 208]/196.7| 67.7] 268]253.4! 87.3 
29) 27.41 09.4|| So} 84.2] 29.0]] 149/140.9] 48.5|] 209]197.6] 68.0)| 269/254.3] 87.6 
30] 28.4] 09.8]] go] 85.1] 29.3]! r50]141.8} 48.8]| 270]198.6) 68.4]| 270)255.3] 87.9 
31) 29.3] 10.1]} 91| $6.0] 29.6]| 151/142.8] 49.2]| a1z|199.5| 68.7]| 2711256.2] 88.2 
32| 30.3] 10.4|] 92) 87.0] 30.0) 152/143.7] 49.5|| 212/200.4] 69.0]| 272)257.2] 88.6 
33} 31.2) 10.71 93] 87.9] 30.31] 1531744.7] 49.8]| 213/201.4] 69.3] 273/258.2] 88.9 
34| 32.1] 1.1] 94] 88.9] 30.6) 1541145.6) 50.1]| 214]/202.3] 69.7/| 274/259.1] 89.2 
35| 33-1] 12-4]} 95] 89.8] 30.9]] 155]146.6) 50.5]] 215/203.3| 70.0)| 275]260.0) 89.5 
30] 34.0] II.7)| 96} 90.8] 31.3]] 156/147.5] 50.81] 276/204.2] 70.3]| 276)261.0] 89.9 
37) 35.0] 12.0] 97] 91.7] 31.6]| 157/148.4) 51.1]| 217/205.2) 70.6]| 277/261.9] 90.2 
38| 35.9] 12.4]] 98] 92.7] 31.9]) 158]149.4] 51.4|| 218/206.1 1200) 2.781262 .9) 9o.5 
39|-30.9] 12.7|1 99) 93.6) 32.21] 159]150.3] 51.8]] 219/207.1] 71.3)| 279/263.8}.90.8 
__ 40} 37-8] 13.0] Too] 94.6 32.6]| 160]/152.3| 52.1|| 220/208.0] 71.61) 280/264.7] g1.2 
AI} 38.8) 13.3]| Lom] 95.5) 32.9]| 161/152.2) 52.41] 221/209.0] 72.0) 281/265.7) yi. 
A2\ 39.7] 13.7|| 102] 96.4] 33.2]| 162/153.2| 52.7]| 222/209.9 72.31] 282/206 .6] 91.8 
43) 40.7) 14.0|| 103] 97.4} 33.5|| 163]15§4.1| §3.1|| 223/210.9] 72.6)| 283/267.6] 92.1 
44| 41.6) 14.3]| 104] 98.3} 33.9]| 164/155.1] 53.4|} 224|211.8] 72.9]| 284/263.5) 92.5 
45) 42.51 14.7]) 105] 99.3] 34.2]] 1651156.0] 53.7]| 2251212.7) 73.3]| 285/269.5] 92.8 
46| 43.5} 1§.O]] 106]/100,2} 34.5]] 166|157.0] 54.0|| 226/213.7] 73.6]| 286/270.4] 93.2 
47| 44.4) 15.3]| To7|T0r.2) 34.8) 167/157.9] 54.4]] 227/214.6] 73.9]| 287/271.4) 93.4 
48] 45.4] 15.6]) 108)r02.1) 35.2|| 168]158.8) 54.7]] 228/215 .6] 74.2)! 283/272.3) 92.8 
49} 46.3] 16.0}] Log]103.1} 35.5|} 169/159.8] 55.0]] 229/216.5] 74.6]|. 289)273.3] 94.1 | 
_ 50} 47-3} 16.3]] 110]104.0] 35.8!) 170|160.7| 55.3 _230)217.5} 74-9] 290/274.2) 94.4 
36.4]] 171|161.7| 55.7|| 231/218.4) 75.2]! 291/275. 8) ga.7 

36.5|] 172|/162.6] 56.0]] 232/219.4] 75.5|| 292/270.2) 95.7 

36.8)! 173]163.6) 56.31 233/220.3] 75-9|| 293)277-0] 95.4 

37.1] 174/164.5] 56.61) 234/221.3) 76.2]| 294/278.0] 95.7 

37 Al] 175}165.5} 57-0}] 235|222.2] 76.5) 295/278.9) 90.0 

37.81] 176|166.4] 57.3]| 236/223.1) 76.38]] 296)279.0} 96.4 

38.1l| 177|167.4| 57.6]! 237/224.11 77.21] 297/280.8| 96.7 

38.4]| 178]168.3] 58.0]| 238)225.0] 77.5]! 298)281.8! 97.0. 

38.7}| 179|169.2) 58.3] 239/226.0] 77.8)| 299/282.7] 97.3 

39.1|| 180]170.2} §8.6]| 240)226.9) 78.1]| 300/283.7] 97.7 


— | — | - 
—— | | — | | SS | | | | | | — | | ———— | ———_ 


Lat. |}Dist| Dep.} Lat. ||Dist} Dep.| Lat. 
E 2 for 71 Degrees. 


TABLE If. 
Difference cf Latitude and Departure for 20 Degrees. 


Dist} Lat. Dep.| Dist| Lat. | Dep.||Dist| Lat. | Dep.||Dist| Lat. | Dep.||Dist] Lat. Dep. 


I] 00.9 poe 61 57.3] 20.9]| 121/113.7| 41.4]) 181]170.7] 61.9]] 2411/226.5| 82.4 
2) OL.g| 00.7) 62) 58.3] 21.2/| 122]/114.6) 41.7]| 182|171.0| 62.2|| 242]227.41 82.8 
3] 02.8] OF.o]| 63) 59.2) 21.51] 123/115 .6} 42.1]/ 183/172.0] 62.6]| 243/228.3) 83.1 
4| 03.8] O1.4)) 64] 60.1] 21.9]| 124]/116.5! 42.4]/ 184]/172.9] 62.9]| 244/229.3] 83.5 
5} C4.7] O1.7i1 65) 61.1] 22.21] 125/117.5] 42.8)] 185/173.8] 63.3]} 245]230.2| 83.8 
6} 05.6} 02.1/| 66) 62.0] 22.6]| 126/118.4) 43.11] 186]/174.8] 63.6]| 246]/231.2! 84.1 
4| 06.6; 02.4]] 67) 63.0] 22.9]/ 127|/119.3} 43.4]| 187/175.7| 64.0]] 247/232.1] 84.5 
8] 07.5] 02.71 68! 63.9] 23.3]| 128/120.3] 43.8]/ 188]170.7| 64.31] 248]233.01 84.8 
g} 08.5] 03.1/| 69] 64.8) 23.6]| 129]/121.2! 44.1! 189/177.6) 64.6]| 249/234.0] 85.2 
to} 09.4] 03-4! 70] 65.8] 23.9]| 130]122.2] 44.5|| r90/t78.5] 65.0l] 2501234.9] 85.5 
ii] 10.3] 03.8]| 71} 66.7} 24.3]| 131/123.1] 44.8!) I91]179.51\65.3]| 251/235.9] 85.8 
12| 11.3] ©4.1|| 72) 67.7] 24.6]| 1321124.0) 45.1|| 192]180.4| 65.7]| 25§2/236.8) 86.2 
13] 12.21 04.4]) 73] 68.6} 25.0]] 133/125.0] 45.5]| 193/181.4] 66.0]] 2531237.7| 86.5 
14} 13.2] 04.8]|. 74! 69.5) 25.3]] 134)125.9] 45.8]| 194/182.3] 66.41] 254/238.7) 86.9 
15] 14.1] O5.1]} 75) 70.5] 25.7|| 135|126.9| 46.2]! 195]183.2] 66.7]] 255}239.6) 87.2 
16] 15.0] 05.5]] 76] 71.4} 26.0]| 136/127.8] 46.5)| 196)/184.2| 67.0]] 256)240.6| 87.6 
17| 16,0] 05.8]| 77] 72.4] 26.3]| 137)128.7) 46.9|| 197/185.1] 67.4]| 257]241.5] 87.9 
18} 16.9] 06.2]} 78) 73.3) 26.71] 138/129.7] 47.2 g08) 136.3 67.7|| 2581242.4) 88.2 
Ty] 17.9] 06.5]] 79] 74.2] 27.0]] 139/130.6] 47.5]| 199|187.0] 68.1|] 259]243.4] 88.6 
20] 18.8] 06.8]} 80] 75.2) 27.4|) 140j131.6 47-9} 200|187.9} 68.4|] 260}244.3] 88.9 
2I| 19.7] 07.2)| 81].76.1] 27.7]} 141|132.5} 48.2] 201/188.9| 63.7]| 2611245.3] 89.3 
42) 20.71 07.5]| 82! 77.1] 23.0}] 142/133.4] 48.6]| 202/189.8! 69.1]! 262)246.2] 89.6 
23) 21.6] 07.9]] 83] 78.0] 28.4)| 143]134.4] 48.9]| 203/190.8) 69.4]| 2631247.1] 90.0 
24) 22.6) 08.2]| 84} 78.9) 28.:7]] 144]135.3] 49.3]| 204/191.7! 69.81) 2641248.1] 90.3 
25] 23.5} 08.6]| 85! 79.9] 29.2]] 145}136.3] 49.6] 2051192.6} 70.1]| 265)249.0}' 90.6 
26| 24.4] 08.9]] 86] 80.8) 29.4]| 146/737.2] 49.9]] 206]193.6} 70.5]| 266/250.0] 91.0 
a7! 25.4] 0g.2|| 87} 81.8} 29.8] 147/238.1] 50.3]| 207/194.5| 70.8|| 267)250.9] 91.3 
28| 26.3! 09.6] 88] 82.7} 30.1)! 148lz39.1] 50.6]| 208]195.5] 71.1/] 268)251.8] 91.7 
29] 27.3) 09.9]! 8! 83.6) 30.4]! 149|140.0} 51.0]| 209/196.4| 71.5]] 269/252.8] 92.0 
30] 28.2] 10.3] gol 84.6 30-8) I§O|/141.0] §1.3]| 2Fo|197.3] 71.8]] 2701253.7) 92-3 
31| 29.1} 10.6]| gi} 385.5 3t.1| 151|141.9] 51.6 a11|198.3 72.2|| 2701254.7| 92.7 
32| 30.1] 10.9]) 92] 86.5) 31.5]| 152/142.8] 52.0|| 212j199.2] 72.5/| 272]255.6] 93.0 
33} 32-0] 11.31) 93! 87.4] 31.81] 153]143.8] 52.3]] 213/200.2] 72.91! 2731250.5) 93.4 
34) 31.91 11.6]| 94] 88.3] 32.21] 1541144.7| 52.7] 214/201.1] 73.21] 2741257.5] 93-7 
35] 32-9} 12.0]] 95] 89.3] 32.5]] 155|145.7] 53.0]] 215]202.0] 73.5)| 275|/258.4] 94.1 
36] 33.8] 12.31] 96] 90.2) 32.81] 156/146.6) 53.4]] 216/203.0] 73.9]|| 2761259.4| 94.4 
37| 34-9] 12.7|) 97] 91.2! 33.2/| 157/147.5) 53.7|| 217|203.9| 74.2/| 277/200.3) 94-7 
38] 35.7| 13.0]] 93) 92.1) 33.5]| 158/148.5] 54.0]| 218]204.9] 74.6]] 278]261.2] 95.1 
39} 36.6) 13.3]1 99] 93.0) 33.9]| 159]149.4] 54.41] 219]205.8] 74.9]] 2791202.2) 95.4 
__ 49} 37 6} 13-7|| 100] 94.0] 34.2]! 160/150.4) 54.7/| 220]206.7] 75.2/| 280]263.1] 95-8 
41} 38.5! 14.0|] ror] 94.9} 34.5]| L61|I51.3] 55.1] 221]207.7 75.6|] 281|264.1 g6.1 
42] 39.5] 14.4|| 102] 95.8] 34.9]| 162/152.2| 55.4]| 222/208.6] 75.9|| 282/265 .0] 96.4 
43| 40.4] 14.7]| 103} 96.8] 35.2] 163/153.21 55.7|| 223/209.61 76.3]] 2831265 .9] 96.8 
44] 41.3] 15.0]] 104] 97.7] 35.6]| 164/154.1] 56.1!) 224]210.5] 70.6!] 284)266.9] 97.1 
45) 42.3) £5.4]| 105] 98.7) 35.9]| 1651155.01 56.4]| 2251211.4| 77.0]| 285]267.8] 97.5 
46] 43.2] 1§.7/[ 106] 99.6] 36.3]| 166|156.0] 56.8]| 226]/212.4] 77.3]| 286]268,.8] 97.8 
47| 44.2} 16.111 1o7|100,5] 36.6|| 167|156.9] 57.13|| 227/213.3} 77.6]| 287/269.7] 98.2 
48] 45.1] 16.4]| 1o8|rot.s5| 36.9) 168]157.9| 57.5]| 228]214.21 78.0]] 2881270, 6] 98 
49| 46.0] 16.8) rog}]10o2.4] 37.3]] 169g!158.38] §7.8]| 229]215.2] 78.3]| 289]271.6] 98.8 
§0| 47.0] 17.1] 110}103.4] 37.6]| T70]159.7] 58.1|| 230]/216.1| 78.7]| 290]272.5} 99-2 
51] 47-9] 17.4|| 111|104.3} 38.0]) 171|160.7) 58.5] 231]217.1| 79.0)) 291/273-5] 99.5 
52] 48.9] 17.8]| rr2]ros.2) 38.3]| 172|161.6] 58.8]! 232/218.0] 79.3!| 292|274.4] 99.9 
53] 49.8) 18.1]| 113]106.2] 38.6]] 173|162.6] 59.2]| 233]218.9| 79.7]| 293]275.3]100.2 
§4] 50.7| 18.5|| rr4|t07.1| 39.0!1 174|163.5] 59.5} 234|219.9] 80.0]/ 294/276. 3]r0c 6 
55] 51.7| 18.8!) 115]108.1] 39.3]| 175|164.4] §9.9]] 235]220.8] 80.4|| 295]277.2/100.y 
56) 52.6] rg.al] rr6|r09.0) 39.7|| 176|165.4} 60.2]! 236]221.8) 80.7|| 296/278. 1]101.2 . 
57} 53-6] 19.5|| 117|109.9] 40.0]| 177|166.3] 60.5]| 237|222.7| 81.1/] 297/279.1|101.6 
$3] 54.5] 19.8]| 118]110.9] 40.4]] 178|167.31 60.9]| 2381223.6] 81.4}| 298]280.0]1or.9 
59] 55.4] 20.2|| r19]r11.8] 40.7]] 179]168.2] 61.2)| 239/224.6] 81.7]| 299/281 .0}102.3 
60] 56.4} 20.5) 120/112.8] 41.0]]. r80]169.1] 61.6]] 240]225.5] 82.1)| 30°]/281.9]102.6 


~_——_ 


Dist] Dep.| Lat. ||Dist!] Dep.| Lat. ||Dist|)Dep.| Lat. || Dist] Dep.i Lat. || Dist] Dep. “Tat. 
for 70 Degrees. 


TABLE IL. 


Difference of Latitude and Departure for 21 Degrees. 


Lat. | Dep.|/Dist| Lat. 


OO. 


Dist 


On C~T AM BOdDHD 


NN ~ , 
OH YP YOBDBU AAI COO OOHNDHDWIP BUI QU COoOY 


15 
9 
pa) 
6 
co 
3 
oy 
-O 
4 
8 


. . . . . . . . . + 
WD OO AWwOMmM Db COMr 
Dan’ COO O 


II7|I09. 
II8|I10. 


0 Awo Awr won c 


| |Dist| Dep.| Lat. ||Dist} Dep.| Lat. | 


121|113.0 
122|113.9 
123|114.8 
124/115 .8 
125|116.7 
126|117.6 
127/118.6 
128|119.5 
129]120.4 
130/121 .4 
133/122. 
132/123. 
133|124. 
134}125. 
135|126, 
136/127. 
137|127. 
138/128, 
139|129.8 
140|130.7 
I41|131.6 
142|132.6 
143|133. 
144/134. 
145/135. 
146|136., 
147|137- 
148/138. 
149)139. 
T§0|140. 
IS1|T41. 
152|141.9 
15 3/142.8 
154|143.8 
155|144.7 
156/145 .6 
157/140.6 
158/147 .5 
159]148.4 


CoO 0 OF bD YM 


OH nD vn WHEN 


(e) 


160|149.4 


161|150.: 
162/151. 
163|152. 
164/153. 
165/154. 
I66)155 . 
167/155. 
168|156, 


171/259. 
172/160, 
173/161, 
174|162, 
175|163. 
176|164.° 
177|165, 
ERE O? 
179|167. 
10l168, 


WNNwomn Ch ANH 


Sob OWS OAD COtn HAI OUWS 


Bet. gt siemue 26 Seg? Les eee of < gee re ae sie, Se 
WD OO” we OO HTD O QWOMDbD COM fe 


wo he) core -Se ia Se ae oe oe — os 
ine COOb H~I LB CO DtDO 


Dep.}|Dist} Lat. | Dep.||Dist| Lat. | Dep.||Dist| Lat. 
43. 


181|169.0 
182|169.9 
183|170.8 
184|171.8 
185|172.7 
186|173.6 
187|174.6 
188/175.5 
189|176.4 
_T9ONLT7-4 


Dep. 


Ig1|178.3 


192|179.2 
193|180,2 
I94|181.1 
195|182.0 
196|183.0 
197|183.9 
198|184.8 
199/185 .8 
200/186.7 


ee 


201187. 
202/188. 
203/189. 
204/190. 
205|I19I. 
206/192. 
2071193. 
208/194. 
209/195. 
210|196. 
Q11\ig7. 
212|197. 
2131198. 
214/199. 
215|200, 
216)201, 
217/202, 
218}203. 
219/204. 
2.20205. 
221|206. 
2:2:2|207 
2,2:3}208 
224/209. 
2251210 
226)211, 
229\211, 
228)212. 
2291213. 
230/214. 

235215. 
232/216, 
2331217. 
234/218, 
2351219. 
236)226, 
237/221, 
239/222. 
239|223. 
240/224. 


POm ArT COOO OH tH DwWWHEBNANA 
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TABLE IL, 39 
Difference of Latitude and Departure for 23 Degrees. 

Dist Lat. | Dep.||Dist| Lat. | Dep.||Dist| Lat. | Dep.||Dist] Lat. | Dep. 
61| 56.2] 23.8] rarjtil.4] 47.3]] 181/166.6) 70.7|| 241/221.8] g4!a2 
62) 57-1) 24.2]] 129}112.3) 47.7] 1821767.5| 71.1|| 2421222.8] 94.6 
63) 58.0) 24.6]/ 123]/113.2) 48.1}! 183}/168.5] 71.51] 243/223.71 94.9 
64) 58.9] 25-0]] T24|t14.1) 48.5] 184)169.4] 71.9]] 244}224.6) 95.3 
65) 59.81 25.4]| 125]115.1] 48.0]! 185]170.3] 72.3]| 2451225.5] 95.7 
66} 69.8] 25.8] 126)116.0) 4¢.2/| 180]171.21 72.711 246/226.4] 96.1 
67) 61.7] 26.2|| 127|115.9] 49.6!] 187)172.1] 73.11] 2471927.4] 96.5 
68} 62.6] 26.6]| 128jr17.8] 5o.oll 188|173.1| 73.51] 248 228.321 96.9 
69} 63.5] 27.0]] 129/118.7] 50.4|] 189]/174.0] 73.81] 249]229.2) 97.3 
70| 64.4] 27-4]| 130/119-7) 50.8)| T90}t74.9 74.4 250/230.1] 97-7 
71| 65.4) 27.7|| 131|€20.6) §1.2]} rg1]175.8] 74.6)| 251/231.0] 98.4 
72) 66.3) 28.1/| 132|/121.5) §1.6)| 1921176.7| 75.0|| 252}232.0] 98.5 
73} 67-2} 28.5)) 133/f22.41 52.0|] 193/177.7] 75-4) 253]232.9] 98.9 
74| 68.1} 28.9]| 134/123.3] 52.4)! 194/178.6| 75.8]| 254/233.8] 99.2 
75} 69-0} 29.3] 135|124.3! 52.7|| 195/179.5] 76.2)| 255/234.7] 99.6 
76| 70.0) 29.7]| 136]125.2! 53.1|| 196]180,.4] 76.6!] 2561235 6]100.0 
77| 70.9) 30.1]! 137/126.1] 53.5!1 197|181.3] 77.0) 257/226.6)100.4 
78) 71.8) 30.5]| 138]/127.0! 53.9]| 198|182.3! 77.4]| 2§8]237.5/100.8 
79) 72.7] 30.9]} 139]£25.0] 54.3]] 199/183.2] 77.8]] 259]/238.4!101.2 
80] 73-6! 31.3] I40]128.9] 54.7]} 200/184.1] 78.11] 260]239.3/101.6 
$1| 74.6] 31.6]} 141/129.8] 55.1]] 201]/185.0 78.5j| 2611240.3/102.0 | | 
82] 75.5] 32-Ol] 142]130.7] 55.5]| 202/185.09| 78.9]| 2621241.2)102.4 | § 
83} 76.4] 32.4]] .143]131.6] 55.9]] 203/186.9] 79.3] 2631242.1/102.8 | § 
84) 77.3} 32.8] 144/132.6] 56.3]1 204/187.8 79°7| 2641243 .0]103 -2 | | 
85| 78.21 33.21! 145|133.5] 56.7|| 205]188.7] 80.2|| 265/243.9]103.5 
86) 79.2] 33.6] 146]134.4! 57.0]! 206/189.6| 80.5)| 266]244.g]103.9 
7} 80.1] 34.0]] £47/135.3] 57.4]| 207|190.5] 80.9]] 267/245 .8]704.3 
88} 81.0] 34.4]| 148]136.2] 57.8|| 208]191.5] 81.3] 268/246. 7]104.7 
89} 81.9] 34.8]) 149]837.2) 58.2|| 209]192.4) &1.7|| 269]/247.6/105.1 
go] 82.8} 35.2)! 1501138.1] 58.6]] 210]193.3] 82.1|] 270/248.5§|105.5 
gt! 83.8) 35-6]| 151]139-0] 59.0]] 211/194.2] 82.4]| 271/249.5]105.9 
gz} 84.7] 35-9]| 1521139.9] 59.4]| 2121195.1) 82.81) 272]250.4]106.3 
93) 85.6} 36.3]| 153)140.8] 59.8]] 2131196.1] 83.2]| 273]/251.3/106.7 
94} 86.5} 36.7]| 154]141.8] 60.2]! 214/1197.0| 83.6|| 274/252.2]107.1 
g5| 87.4] 37-1]| 155|142.7] 60.6] 215/197.9] 84.0]| 275/253.1/107.5 
g6| 88.4] 37.5]| 156|143.6! 61.0] 216/198.8} 34.4]| 276/254.1]107.8 
97| 89.3] 37-9]| -157|144.5| 61.3]) 2171199.7] 84.8] 2771255 .oj108.2 
93] 90.2} 38.3]| 158]145.4] 61.7]| 218/200.7] 85.211 2781255 .9]108.6 
99} 92.1) 38.7]| 159]146.4| 62.7|| 21r9]201.6] 85.6]| 279]256.8]109.0 

TOO} 92-1} 39-1|| 160]147.3] 62.5]} 220]202.5] 86.0]] 280]257.71109.4 
IOI] 93.0} 39.5]| 161/148.2} 62.9}/ 221/203.4| 86.4]] 2811258.7|109.8 

102} 93.9] 39.9|| 162]149.1] 63.3]] 222]204.4] 86.71] 282/259.6)110.2 

103] 94.8] 40.2]] 163/150.0] 63.7]| 223|205.3] 87.1|] 283/260.5|110.6 - 

104} 95.7| 40.6]] 164/£51.0] 64.1]] 224/206.2] 87.5]| 284/261.4]111.0 

105] 96.7] 4%.0]] 105|151.9] 64.5]| 225]207.1| 87.9|| 285|262.3]/111.4 

106] 97.6] 41.4]| 166]152.8] 64.9]| 226)208.0] 88.3]] 286/263. 3]111.7 
107] 98.5] 41.8]| 167/153.7 65.5 227)209.0] 88.7)|| 287/264. 2/112.1 
108} 99.4] 42.21} 1681154.6) 65.61) 228l209.9] 89.1|| 288]265.1/112.5 
IO9|100,.3} 42.61] 16G]155.6| 66.0}! 22g9]210.8)] 89.5|] 289/266.01112.9 
TIC}TOT.3] 43.0]j 1701156.5| 66.4]| 230]a1r.7) 89.9]| 290]266.9]113.3 
TII]1O2.2| 43.4]| 171j157.4| 66.8]| 2311212.6] 90.3]| 2911267.9/113.7 
I12|103.1] 43.8] 172/158.3) 67.2]| 2321213.6) 90.6)| 292)268.8}714.1 
II3]104.0} 44.2|| 173/159.2| 67.6]] 233/214.5] 91.0] 293/269.71114.5 
I14{104.9] 44.5]| 174]160.2] 68.01] 234]215.4] 91.4|] 294]270.6)114.9 
I15|105.9] 44.9|| 175/161.) 68.4]] 235]216.3] 92.8] 295]277.5]115.3 
116]106.8] 45.3|| 176|162.0] 68.8]| 236]217.21 92.2]/ 296/272.5/115.7 
117|107.7| 45.7|| 177|162.9| 69.2]] 237/218.2).92.6]] 297/273.41116.0 
118]108 6} 46.1|| 178)163.8) 69.6]| 238]219.1] 93.0]| 298]274.31116.4 
T19]109.5] 46.5]| 179|164.8] 69.9]] 239]220.0] 93.41] 2991275.2)116.8 
120|£10.3] 46.9]| T80]T65.7| 70.3]] 2401220.9] 93.81] 300]276.2|117.2 


Dist) Dep. 


Lat. ||Dist] Dep.| Lat. |[Dist 


Dep. Lat. ||Dist Dep.| Lat. ||[Dist| Dep.| Lat. 


for 67 Degrees. 


A0 TABLE 11. 
Difference of Latitude and Departure for 24 Degrees. — 


Lat. Lat. | Dep.||Dist} Lat. 


1| 00.9] 00.4|/ 61} 55-7| 24.8]! 1azjI10.5] 49.2 241}220.2] 98.0 
g| 01.8} 00.8]| 62] 56.6] 25.2]| raalT11r.5] 49.6 242|221.1] 98.4 
3) 02.7] OL.2]| 63] 57.6) 25.6]| 123)/112.4] 50.0 2.43\222.0} 98.8 
4| 03.7] O1.6]] 64! 58.5] 26.0]) r24)713.3] 50.4 2441222. 
5] 04.6) 02.0]] 65] 59.4] 26.4]| 125]114.2] 50.8 245|223. 
6} 05.5] 02.4]] 66] 60.3) 26.8]] 126)115.1/ 51.2 2.46)224. 
7} 06.4] 02.8] 67] 61.2) 27.3]) 127/116.0] 51.7 
8] 07.3] 03.3]] 68] 62.1! 27.7 ba 52.1 
g} 08.2! 03.7|| 69} 63.0) 28.11] rag/117.8] 52.5 
10! Og.1] 04.1]| 7o} 63.9) 28.5]] 130/118.8] 52.9 
Ir] 10.0] 04.5]| 71} 64.9] 28.9]] 131/119.7] 53-3 
12/ II.0] 04.9]| 72} 65.3) 29.3]| 132]120.6) 53.7 
13| I1.9] 05.3]| 73] 66.7] 29.7|| 133/121.5] 54.1 
14| 12.8] 05.71] 474] 67.6] 30.1] 134]122.4] 54.5 
15] 13.7] 06.1|| 75} 68.5} 30.5]] 135|123.3].54-9 
16] 14.6] 06.5]} 76} 69.4] 30.9] 1361124.2) 55.3 
171 15.5] 06.9]] 77] 79.3) 31.3|| 137]125.2) 55-7 257|234.8/104. 
18] 16,4] 07.3]| 78} 71.3] 31.7|| 138]120.1| 56.1 258/235.7}104.9 
19] 17.4] 07.7]| ‘79! 72.2) 32.1]! 139/127.0) 50.5 259|230.6|105 .3 
20] 18.3] O8.1]| So} 73-1] 32.5|| T40]/127.9] 56-9 3\| 260]237.5|105 .8 
21| 19.2] 08.5]| S81} 74.0] 32.9]| 141/128.8) 57.3 -8]| 261}238 .4/106.2 
22) 20.1] 08.9]| 82] 74.9) 33-4]] 142|129.7] 57.8 2.624239 .3|106.€ 
23| 20.0] 09.4|] 83] 75.8] 33.8]) 143]130.6] 58.2 2.631240. 3/107 .0 
24] 21.9] 09.8]| 84) 76.7] 34.2|| 144]131.6] 58.6 2644241 .2|107.4 
25| 22.8! 1O.2]) 85] 77.7 34.0) 145]132.5| 54.0 265|242.i|107.8 
26| 23.8! 10.6]| 86] 78.6) 35.0] 140/133.4] 59.4 266}243.0/108.2 
271.24.7| Ir.0}] 87! 79.5] 35-4|| 147]134.3] 59.8 267|243 .9|108 .6 
28| 25.6] 12.4]| 88} 80.4] 35.8]| 1481135.2] 60.2 2.68|244 3/109 .0 
29} 26.5] 11.8]} 89] 81.3] 36.2)| 149]136.1| 60.6 2.69}245 .7|109.4 
30| 27.4] 12.2]! gol 82.2} 36.6]! 150]137.0] 61.0 270]246.7|109.8 
31) 28.3] 12.61) gr! 83.1] 37-Ol] 151|137-9] 61.4 6|110.2 
32) 29.2] 13.0]] 92] 84.0] 37.4!) 1521138.9] 61.8 .5|110.6 
33| 30.1] 13-4]] 93] 85.0] 37.8)] 153!139.8] 62.2 -4|TII.0 | 
34) 31.1] 13.8]| 94] 85.9) 38.2]] 154)140.7| 62.6 3|T11.4 
35| 32-0] 14.2]| 95| 86.8) 38.6]| 155)141.6) 63.0 -2|III.9 
36] 32.9] 14.6] 96) 87.7] 39.0]] 156]142.5] 63.5 1112.3 
37| 33-8] 15.0l] 97] 88.6] 39.5]} 157/143.4] 63.9 ZIT ae 
33] 34.7] 15-5]] 98] 89.5] 39.9] 158|144.3] 64.3 .O}T13.1 
39] 35-5] 15.9]] 99} 99.4) 40.3] 159/145.3] 64.7 9113.5 
40] 36.5] 16.3]| 100] 91.4] 40.7|} 160|146.2] 65.1 280/255 .81113.9 | Fe 
AI] 37.8] 16.7]| ror] 92.3) 41.1|| 161/147.1| 65.5 281}256.7|114.3 | | 
42| 33.4] 17.1] 102] 93.2] 41<5|| 162/148.0] 65.9 282)257.6)514.7 | pe 
43) 39.3] 17-5]| 103] 94-1] 41.9] 163/148.9] 66.3 283/258.5|115.1 | fy 
44] 40.2|.17.9]| 104] 95.0] 42.3/| 164|149.8] 66.7 284/25).4]115.5 | | 
45| 41.1] 18.3]| 105] 95.9] 42.7]] 165|150.7| 67.1 285/260. 4]115.9 j 
46} 42.0] 18.7]| 106] 96.8] 43.1|| 166]151.6) 67.5 286/261. 3|116.3 | § | 
47) 42.9] 19.1|| 107| 97.7] 43.5] 1671152.6] 67.9 287/262,2/116.7 19 | 
48] 43.9] 19.5}| 108] 98.7} 43.9|| 168/153.5| 68.3 283/263 .1/117.1 17 | 
49] 44.8] 19.9] 109} 99.6] 44.3)| 169/154.4] 68.7 289]264.0|117.5 i 
80} 45-7] 20.3]| L1O}IOO.5| 44.7|| 1701155.3| 69.1 290|264.9|118.0 5 
51} 46.6) 2c.7]| r11|/for.4] 45.1|| 171/156.2] 69.6 291}265.8/118.4 jf 
52] 47-5] 21.2}| 112|/102.3] 45.6]| 172/157.1] 70.0 292|266,8|118.8 
531 48.4] 21.6)]] 113/103.2 173|158.0] 70.4 293|267 .7|119.2 
Ii4|104. 174|15§9.0] 70.8 294|268 .6|119.6 
I15|105. 175|159.9| 71.2 295|269.5|120.0 
116|106. 176|160,.8} 71.6 
117/106. 177|161, .0 
I18|107. 178|162, ‘ 
119|T08, 179|163, 


-8| 180 164. 3. ; é 


.| Lat. jj Dist; Dep. 


Se A a ee 


TABLE UH. 41 | 
Difference of Latitude and Departure for 25 Degrees. 


Dep.|/Dist| Lat. | Dep.||Dist| Lat. | Dep.)|Dist Lat. | Dep. 


— —— | | | SS. 


I} 00.9] 00.4]| 61) 55.3] 25.8}| 121]/109.7] §1.1]] 181]/164.0] 76.5]| 241 218.4|to1.9 
2| 01.8] 00.8|| 62] 56.2) 26.21] r22/110.6] 51.6]] 182|164.9] 76.9]] 242/219.3|102.3 
3} 02.7) OL.3]| 63] $7.1] 26.6]| 123/111.5] 52.0] 183/165.9] 77.3]| 243/220.21102.7 
4) 03.6] O1.7/) 64) 58.0] 27.0]] T2a4l112.4 52.41! 184]166.8] 77.8]| 244/221.1|103.1 
5} 04.5] 02.1 5] 58.9] 27-5]| 125]213.3] 52.8) 185]167.7) 78.2]] 2451/222.0/102.5 
6] 05.4] O@.5]] 66) 59.8) 27.9]| 126/114.2] 53.2]] 186|168.6] 78.6]| 246/223.0]104.0 
7| 06.3] 03.0] 67] 60,7) 28.3]! ra7/r15.1] 53.7] 187/169.5] 79.0]] .247/223.9|104.4 
8] 07.3] 03.4]| 68] 61,6) 28.7]| 128/116.0} 54.1]! 188]170.4] 79.5} 248]224.8|104.8 

g} 08.2] 03.8] 69] 62.5] 29.2]| 129]/116.9] 54.5]] 189]171.3] 79.9|| 249|225.7|105.2 | | 
IO] 09-1] 04.2]} 70} 63.4] 29.6]/ 130]117.8! 54.9g]] 190|172-2] 80.3]] 250/220.6]105.7 
TI] 10.0] 04.6 3] 30.0]] 131/118.7] 55.4]! r91]173.1) 80.7|] 2511227.5/106.1 
12} 10.9] 05.1 3) 30.4]| 132/119.6) 55.8]| 192|274.0] 81.z|] 252/228.4/106.5 
13] 11.8] 05.5 2) 30.9]| 133]120.5] 56.2]| 193/174.9] 81.6]| 253/229.3]106.9 
14] 12.7] 05.9 I} 31.3]) 134/121.4} 56.6) 194}175.0] 82.0]| 254/230.2/107.3 
15} 13.6] 00.3 Ol 31.7|| 135|122.4] 57.1|] 195|]176.7] 82.4]| 255/231.1/107.8 
16} 14,5} 06.8 9| 32-1] 136:123.3] §7.5|| 196]177.6] 82.8]| 256/232.0]108.2 
17} 15.4] 07.2 8] 32.5]| 137]/124.2) 57.91] 197|178.5] 83.31) 257/232.9]108.6 
18] 16.3] 07.6 7| 33-Ol] 138/225.1) 58.3]| 198]179.4] 83.7]| 258/233.8/109.0 
19} 17.2) 08,0 6} 33-4]| 139/£26.0] 58.7|| 199|180.4] 84.1]| 259]234.7|109.5 
_20 18.1] 08.5 5| 33-8]] 140]/126.9] 59.2]| 200]181.3! 84.51) 260/235.6|109.9 
21] 19.0] 08.9 4] 34.2]| 141/127.8] 59.6]| 201]182.2) 84.9]] 261/236.5/110.3 
22] 19.9] 99.3 3) 34-7|| 142/128.7] 60.0]] 2021183.1 Al] 2621237.5/T10.7 
2.3] 20.8] Og.7 2| 35-1|] 143]129.6] 60.4]] 203!184.0 8} 263/238.4/111.1 
24| 21.8] 10.1 I] 35-5|| 144]130.5| 60.9|| 2041184.9 2] 2641239. 3/111.6 
251 22.7] 10.6 O} 35-9}| 145|131.4] 61.3]] 2051185 .8 6]| 265|240.2|/112.0 
26| 23.6] IL.o g| 36.3]} 146/132.3) 61.7]| 206|186.7 Il) 266/241.1|112.4 
27| 24.5] I1.4 8} 36.8]| 147|133.2) 62.1|| 207|187.6] 87.5]| 267|242.0]112.8 
28) 25.4] 11.8 8} 37-2] 148)134.1| 62:5]/ 208]188.5 -Q|} 268]242.9/113.3 
29] 26.3) 12.3 -7| 37-6)| 149]135.0 3) 4 31! 269/243 .8/713.7 
30) 27-2) 12-7|| go] 81.5} 38.0|/ 150]135-9] 63-4 -7||_270|244-7}E14 +1 
31) 28.1] 13.1 5} 38.5]] 1511136.9 8 21] 272/245 .6/114.5 
32| 29.0] 13.5 4] 38.9)| 152/237.8 .6)| 2721246, 51T15.0 
33| 29.9] 13.9 3 ~3}) 153]138.7 Oj] 27.21247.4/115.4 
34] 30.8) 14.4 21 39.71] 154/139.6 Al] 274/248. 3/115.8 
; 35] 31.7] 14.8 ak Tj] 155|140.5 Qi] 275/249. 2/116.2 
36] 32.6] 15.2 .O .O|| 156)r41. 4]- 31] 276/250, 1/116,6 
fF! 37} 33-5} 15.6 ; -Ol] 157/142.3 . -7|| 277/25%.O}117.1 
i} 38) 34.4! 16.1 : -4]| 158/143.2 2 .I|] 2781252,0]/117.5 
39] 35-3} 16.5 .8|| 159|144.1 .6|| 2791252.9|117.9° 
40} 36.3] 16.9 ’ 3} 160|145.0 ) -O}] 280/253.8/118.3 
41} 37.2| 17. 5 71] 1611145.9) 68.0]| 221}200.3] 93.4]] 281/254.7|118.8 
42! 38.1] 17.7 4] 43.1|| 162/146.8) 68.5]| 222/2017.2] 93.8]| 282/255 .6]119.2 
| 43] 39.0] 18,2 3) 43-5} 163/147.7| 68.9|| 223/202.1] 94.4/| 283/256.5]119.6 
44| 39,0! 13.6 -3| 44.0|] 164|148.6] 69.3]] 224/203.0] 94.7] 284)257.4]120.0 
45} 40.8} 19.0 .21 44.41) 165|149.5} 69.7] 225]203.9| 95.1]| 285|258.3]120.4 
46| 41.7] 19.4 ca .8}| 166]150.4] 70.2]| 226/204.8] 95.5|} 286/259.2]120.9 
47| 42.6] 19 .O] 45.21 1671151.4| 70.6]| 227/205 .7] 95.9]| 287/260. 1/121.3 
48] 43.5] 20 .9| 45.6/] 1681152.3! 71.0]] 2281206.6] 96.4]| 288|261.0]121.7 
49] 44.4) 20 8} 46,11] 169|153.2] 72.4)| 229]207.5] 96.8]| 289]261.9/122.1 
_ 50} 45.3] 21 IIo] 99.7 .5|| 170|1§4.1| 74-8]| 230]208.5] 97.2|| 290/262.8]122.6 
51} 46.2) 21.6] 111|100.6] 46.9]] 171/155 o| 72.3]] 237/209-4] 97-6]| 291/263.7/123.0 
§2| 47.1| 22 I12|101.5] 47.3|] 172|155.9] 72.7]| 232/210.3) 98.0]] 292/264.6]123.4 
53] 48.0) 22 113]102.4] 47.8)] 173]156.8] 73.11 233/212.2] 98.5]! 293/265.5/123.8 
54| 48.9) 22 II4|103.3] 48.2]] 174/157.7| 73.5]| 234]212-1| 98.9|| 294/266.5]124.2 
55| 49.8) 23 T1§|104.2! 48.6]| 175|158.6| 74.0] 235|213-0] 99.3]] 295/267.4]124.7 
56! 50.8] 23.7]| 116|105.1) 49.07 1761159.5] 74.4|| 236/213.9] 99.7|| 296/268. 3]125.1 
57| 51.7] 24 117|106.0] 49.4|] 177|160.4] 74.8] 237/214.8]100,2]| 297/269. 2/125 .5 
58} 52.6] 24.5|] 118]106.9] 49.9|} 178/167 .3) 75.2|| 238/215 .7|100,6]| 298/270.1]125.9 
59} 53.5] 24 II9|107.9} §0.3|] 179|162.2] 75.6]| 239/216.6|r0r,0}] 299)271.01126.4 
60] 54.4] 25 120|108.8| §0.7|| 180|163.1| 76.1]| 240)217-5|101.4]| 300)271.9]126.8 
Dist] Dep. Lat. ||Dist| Dep.| Lat. ||Dist| Dep.| Lat. ||Dist} Dep.| Lat. ||Dist| Dep.| Lat. 


F for 65 Degrees. 


| 42 


TABLE Ul. 
Difference of Latitude and Departure for 26 Degrees. 


| [Dist] Lat.| Dep.) pist| Lat. | Dep.|[Dist| Lat. 


— 


i 1] 00,9] 00.4|} 61] 54.8) 26.7!) 121]708.8 
2| 01.8] 00.9] 62) 55.7] 27-2)| 122)109.7 
3] 02.4] O1.3 27.0]| 123|110.6 
4} 03.6] O1 8 23.1|| T24|1Ir.5 
5| 04.5 02.2| 48 .5|| 125|112.3 
6| 05.4] 02.6 28.9|| 126]113.2 
7| 06.3} 03.1 29-.4|| 127|114.1 
8| 07.2) 03.5 29.8)| T28|tI5. 
g} 08.1} 03.9 30.2|| T2g9]115.9 
To] 09,0] 04.4 Q] 30-7 130}116.8 
31.1|| 131j117.7 

31.6]] 132/118.6 

32.0}] 133/119.5 

32.41] 134|120.4 

32.9]| 135|121.3 

33+3]| 136)122.2 

33-8)| 137|123.1 

34.2|| 138)124.0 

: 34.6]| 139|124.9 

, : 35-1|} 140|125.8 

21| 18.9] 09.2 35.5|| 141|126.7 
2.2) 19.8] 09.6 35.9|| 142|127.6 
23} 20.9) TO. 30.4]| 143/128.5 
44| 21.6) 10.5 36.8]| 144|129.4 
25] 22.5} TL.0 373i] 145|130.3 
26) 23.4 aha 37-7\| 146/131.2 
27) 24.3) 11.8 38.1|| 147|132.1 
28) 25.2) 12.3 38.6]| 1481133.0 
29} 26.5] 12.7 39.0|] 249/133.9 
2 is _39-5||_150}134-8 

39-9] I51/135-7 

Ae 1521136.6 

40.8!) 153]137.5 

41.2] 154]138.4 

41.6) 155|139.3 

42,1}| 156]140.2 

42.5|| 157{141.1 

43.0] 158/142.0 

43.4]! 159|142.9 

43.8]|| 160}143.8 


ene | ee | ee 


ed 


Lat. |;Dist} Dep. 


fe) 
179|160.9 
8 


T8oj|r61. 


Dep.| Dist} Lat. | Dep.||Dist; Lat. | Dep. 


53.0]| 181]162.7] 79.3 
53.-5|| 182]/763.6] 79.8 
53-9]| 183|164.5] 80.2) 
54.4] 184]165.4| 80.7 
54.8|| 185|166,3] 81.1 
55-2|| 186|167.2| 81.5 
55-7|| 187|168.1| 82.0 
56.1] 188}169.0] 82.4 
56.5] 189|169.9| 82.9 
57-0] 190]170.8] 83.3 
57-Al] rg1|171.7| 83-7 
57-9)| 192/172.6] 84.2 
58.31] 1931173.5| 84.6 
58.7|| 194|174.4] 85.0 
59.2] 195]175.3} 85.5 
59.6]! 196|176.2] 85.9 
60.1|) 197|177.1| 86.4 
60.5}| 198]178.0] 86.8 
60.9]| 199|178.9] 87.2 
61 4\| 200]179.8] 87.7 
61.8}] 207/180.7| 88.1 
62.2|| 202)181.6] 88.6 
62.7]| 203/182.5] 89.0 
63,3}} 204]183.4| 89.4 
63.6]) 205/184. 3] 89.49 
64.0} 206/185 .2) 99.3 
64.41] 207|186.1| go.7 
64.9!] 208|186.9] g1.2 
65.3]| 209|187.8} 91.6 
65.8! 210]188.7} 92.1 


66.4] axzj189.6 2.5 
66.6)) 212/190.5 ae 
67.3} 21Z/19r.4! 93.4 
67.8 414)192.3 93.8 
67.9} 31$11G3.2! 94.2 
63.4)) 216)294.1] 94.7 
68.811 217|195.0] 95.1 
69.3]} 218/195 .9] 95.6 
69.7 219|196.8 96.0 
72.3] 220/197.7| 96.4 
70.61] 2211198.6] 96.9 
41 o} 222)T49.5| 97-3 
71 2.231200.4| 97.8 
71 2 
72 6 
72 2.26}203.1] 99.1 
73 22.7|204.0) 99.5 
73 2.281204.9] 99.9 
74 2.29|20§ ,8}100.4 


.Q|| 240]215.7|105. 


ee eee | |) | | | - | | | | | I - 


Lat. ||Dist] Dep.| Lat. ||Dist| Dep.| Lat. 


2.24|201.3} 98. 
2.25}202.2] 98. 
2.31}207 6/101. 
232/208 .5|I01. 
2.331209 .4}102. 
234:210.31T02. 
235|211.2)103. 
236}212.1|/103 
2371213 .0|103. 
2381213 .9|104. 
239)214.8}/104. 


3 
7 
I 
6 
-5 
9 
3 
8 
2 


2.30|206.7|100.8 


270|242.7 118.4 


281 252.6 123.2 


2.90|260.7)127« 


— 


2.41|216.6)105.6 
242/217 .5|106. 
2.43|218 4/106, 
244/219. 
2.45]220, 
246\221. 
2471222, 
248/222, 
2.49|223. 
250/224 .7 
25§1|225. 
2.52|226.5 
253|227. 
2.54|228.: 
255/229 .2 
2,5,6}230, 
257/231. 
2581231. 
259}232. 
260|233.7|114.0 
261)234.6/114.4 
262}235-5/114.9 
263/236.4]115 .3 
264/237 .3]/11§.7 
265|238.21416.2 
266)239.1|146.6 
267|240.0)117.0 
268}240.9/117.5 
269/241 .8|117.9 


HH 


271|243.6|118.8 
272\244.5}119. 
273/245 .A|I19Q. 
2.74|246. 31120. 
275|247 21120. 
276\248. 1/127. 
277|249 .0]121. 
273/249 .Q|121. 
2.79|250.8]122. 
280|251.7|122- 


“IKQ20 OO Amn DN 


2821253 .5|123 6 
2831254.4|124. 
284/255 .3|124. 
285/256. 21724. 
286)257.1/125. 
2871258 .0|125. 
283/258 .9/126. 
289|259.8]126. 


mI COOP DO MH 


—_— 


291|261.5|127.6 
292|262.4]128.0 
293|263.3]128.4 
294/264, 21128.9 
295/205 .1|129.3 
296|266.0]129.8 
2971266.9|130.2 
298|267 .8|130.6 
299|268 .7|131.1 
300|269.6j131.5 


for 64 Degrees. 


2 66 -ee ie 
A= Ovo 


OO FR ND 


ae a et 
_ 


C2. —O HH tA Om C 


; Dep.| Dist 


-O} 45.9}| 161|143.5| 73. 


18.6)| I0r| 90.0 

Ig.1|| 102] 90.9] 46.3 
19.51] 103] 91.8] 46.8 
20.0}] TOs} 92.7) 47.2) 
20.41 105} 93.6] 47.7 
20.9]} 106} 94.4] 48.1 
21.31 107] 95.3] 48.6 
21.8]| 108] 96.2] 49.0 
22.2|| 10g] 97.1] 49.5 
22.7|| Tro} 98.0} 49.9 
23.2]) 111] 98.9] 50.4 
23.6] 112] 99.8] 50.8 
24.1I}] 113/100.7] 51.3 
24.5]! I14]10r.6} 51.8 
2§.O}] TI5|T02.5| 52.2 
25.4|] I16}103.4} 52.7 
45.9]| II7|104.2] 53.1 
26,3] r18l105.1] 53.6 
-26.8]| T19|/106.0} 54.0 
27.21] 120|106.9} 54.5 


ee 
— | -- | | | | 


.| Lat. ||Dist] Dep.| Lat. ||Dist] Dep. 


TABLE IL. 
Difference of Latitude and Departure for 27 Degrees. 


162)144.3] 73. 
1631145 .2 
164/146.1) 74 
1651147 .0] 74. 
‘166)147.9| 75. 
167/148 .8] 75 
168)149.7| 76. 
169]150.6| 76, 
279}152-5} 99° 


00.5|| 61} 54.4| 27.7]| £ar|107.8] 54.9 
00.9]} > 62) 55.2] 28.1]| 122}108.7] §5.4 
Or.4!] 63] 56.1) 28.6)| 123|T09.6) 55.8 
Or.8|| 64] 57.0} 29.1]] r24/rr0.5] 56.3 
02.31} 65] 57.9] 29.5]] 125|111.4] 56.7 
02.7|| 66} 58.8} 30.0)] £26/112.3] 57.2 
03.2 7} 59-7] 30+4)) 127)113.2) 57.7 
03.6]| 68} 60,6} 30.9]] 128|IT4.0] 58.1 
04.1]| 69} 61.5} 31.3]] 129|114.9] 58.6 
04.5|| 70] 62.4] 31.8]] T30/TI5.8) 59.0 
05.0}] 71} 63.3) 32.2]| 131/116.7| 59.5 
05.4 2| 64.2) 32.7]1 1321T17.6] 59.9 
0§.9|| 73) 65.0! 33-1l| 133)/118.5] 60.4 
06.4]} 74} 65.9] 33.6)| 134/119.4] 60.8 
06.8]] 75| 66.8) 34.0]] 135]120.3) 61.3 
07.3]| 76) 67.7) 34.5]] 136|/121.2] 61.7 
07.7|| 77] 68.6) 35.0]] 137/122.1] 62.2) 
08.2|| 78] 69.5] 35.4]| 1£38]123.0] 62.7 
08.6] 79} 70.4] 35.9]] 139/123.8] 63.1 
O9.I}} 80} 71.3) 36.3]] 140]124.7] 63.6 
09.5|| 81] 72.2) 36.8]| 141/125.6) 64.0 
10.0}| 82] 73.1] 37.21] 142(/126.5] 64.5 
10.4]) 83) 74.0] 37.7]| 143/127.4| 64.9 
10.9} 84] 74.8] 38.21] r44/128.3] 65.4 
11.3|| 85] 75.7} 38.6) 145|129.2| 65.8 
11.8|| 86} 76.6] 39.0]] 146|130.1| 66.3 
12.3] 87] 77.51 39-5] 147|131.0) 66.7 
12.7|| &8] 78.41 40.0]] 148/131.9] 67.2 
13.2)| 89] 79.3] 40.4]! 149/132.8] 67.6 
13.6]| go} 80.2! 40.9]] 150/133-7| 68. 

14.1|| 91] 81.1] 41.3]] 151)134.5| 68.6 
14.5|| 92! 82.0] 41.8]) 152/135.4) 69.0 
T5.0l] 93} 82.9) 42.21) 1531126.3] 69.5 
15.4] 94] 83.8) 42.7] 154]137.2) 69.9 
T5.9]| 95] 84.6] 43.2] 155]138.1| 70.4 
16.3} 96! 85.5} 43.6)) 156/139.0] 70.8 
16.8]} 97} 86.4) 44.0]] 157/139.9] 77.3 
17.3|| 98) 87.3] 44.5}) 1581140.8] 71.7 
17.7|| 99] 88.2] 44.9]1 159]141.7] 72.2 
18.2]! roo] 89.1] 45.4|| 160|/142.6] 72.6 


I71|15§2.4| 77. 
1724153.3| 78. 
173|354.1) 78. 
174]155.9} 79. 


PD’ 


i 


Ibs CORO OM HW OID OBO OW 


I81(161.3 
182|162.2 
183/163 .1 
184|163.9 
185|164.8 


Ig1|170.2 
192]171.1 
193|172.0 
194{172.9 
195|173-7 


1g6|174.6| 8 


197/175 -5 
198|176.4 
199/177 «3 


— | ———_ | -—————_| | ——_—__ 


201|179.1 
202|180.0 
203|180.9 
204/181.8 
205|182.7 
206|183.5 
207|184.4 
208/185 .3 
2091186 ,2 
Q1O|187.1 


211|188.0 
212/188. 
213/189. 
4I4\T9o. 
QIS|I91. 
216/192. 
217/193. 
2181194. 
219;195. 
220|136. 
221/196. 
221197. 
2.23\198.7 
224/199. 
2.2.5}200. 
42.6)20F . 
227/202. 3 
2281203. 
2291204. 
2301204. 

231/205 .8 
2.321206. 


2331207 .O}k 


234/208. 5 
235}209-4 


236/210. 3} 


237/211. 
238|212. 


2.39|213.0|108. 
2.40|213 .8/109.0 


ee ey 5 eee 
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Lat. || Dist} Dep.| Lat. ||Dist| Dep.| Lat. 
for 63 Degrees. 
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ae 


Co DROROMH AN 


Cot tO Otn ADs 


oS 


281|250.4' 


bOGH AHI DS 


290 
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Lat. | Dep.|\Dist Lat. | Dep. Dist] Lat. | Dep. Dist| Lat.| Dep. 


82. 
82. 
83. 
83. 
84. 
84. 
84. 


241|214.7|109.4 
942)21§ .6|109.9 
943)216.5|110 3 
244|217.4|110.8 
945/218 .3/111.2 
246/219.2|111.7 
247|220.1/112.1 
2.481221 .O|112,6 
2.49|221.Q/113.0° 
250/222.8/113.5 
251}223.60/114.0 
252/224.5|114.4 
253/225 .Al114.9 
254/220. 3/215 .3 
255|227.2/115.8 
256\228 1/116. 
257/229 .0)116.7 
258/229, ,Q|117.1 
259|230.8]117.6 
2.60|231.7/118.0 


2.61}232.6|118.5 
2621233 .4|118.9 
263/234.3/119.4 
2.64)235 .2/119.9 


- 2651230.1/120.3 


266|237 .O 
267/237 
268!238.8 
2691239.7 


120. 
E21. 
IaI, 
122, 


122. 
cc teiiedy 


271/241 .§|123.0 
272)242 64/123 .§ 
273/243 .2/123.9 
274|244.1|124.4 
2.75\245 .0/124.5 
276/245 .9iI25.3 
277|246.8/125 .8 
278/247 .7|120.2 
279/248 .61126,7 
280)249.5'127.1 
289/257. 
258.41131.7 
2.931261 .1|133 
294|262.0]133 


2.95|262.8 133. 


Aww bP OO 


292|251.3 
29 3/252.2 
284)253.0 
285|253.9 
286|254.8 
287255. 
288/250, 


2.92|260. 2/132 
297|264.6)134. 
298)255 .5)135. 
299|266.4]135. 
300}267. 3/136. 


eee 


2.91)259.3/132.1 
6 
Oo 
5 
9 
296/263 .7/134.4 
8 
3 
7 
2 


44. TABLE II. 
Difference of Latitude and Departure for 28 Degrees. 


Dep.||Dist} Lat. | Dep. 


127|106,8] 56.8]) 181)159.8] 85.0] 241/212.8|113. 
22/107 .7 182|160.7 -4}} 242/213.7/113. 
123/108 .6 183|161. -9|| 243/214.6l114, 
124/109 .5 184)162. -4|| 244/215 .4/114. 
125/110.4 185)163. 9|| 245/216. 3/125. 
126/111 .3 186|164, »3|| 246/217. 2/115. 
127j112,1 187/165.1] 87.8]| 247)218.1|116, 
128/113.0 188|166, -3}} 2481219 .o]110, 
129|113.9 189/166. «7|| 249]219.g} 116, 
T3Z0}114.8 190/167. al] 25§01220.7/117. 
I31|1I5. 191|168.6)}\ 89.7|| a5r}221. 61117. 
132/110.5 1g92|169.5 252/222. 5/118, 
133/117. 193|170.4 2531223.4|/118. 
134|118, T94{171.3 254/224.3/119. 
195|172.2 255/225 .2/019. 
196|173.1 2.561226 .0]120, 
197|173. 2.57|226.9|120, 
198]174. 258/227 .d|121, 
199/175 .7 259/228, 7/121, 
200|176.6; 93.9}| 260)229.6]122. 
I41|124.5 .2!| 201/177. 41! 2611230.4/122. 
142|125.4 7; 202/178, 262/231 .3/123. 
143'126.3 .I|| 203/179. 263|232.2|123. 
144/127.1| 67.6] 204|180. 264|233.1|123. 
145/128.0} 68.1] 205/181. 265) 234 .0/124. 
1461128 .9 .5|| 206/181. 2.66]234.9|124. 
147|129.8| 69.0l| 207|182.8 2671235 7/125. 
148.130.7! 69.5|| 208/183. 263/236.6/125. 
269|237.5|126. 
2.701238 .4|126. 
277)239-: 
272|240. 
273/241. 
Q7A\24%. 
2751242. 
270) 243.” 
277|244. 
278/245 .5 
279|246,: 
2801247 .2 
281|248.1/131, 
282}249 .0|132. 
283/249 .9/132. 
284}250.8/133. 
285}251.6/133. 
2861252.5|134. 
287/253.4/134. 
.O}, 2881254.3]135. 
5 || 289]/255.2)135. 
1/108 .0]] 290]256.1|136.1 
4.0/108 .4}] 291/256.9|136.6 
204.8/108.9}| 292|257.8|137.1 
295.7/109.4]].293]258.7|137.6 
.6]109.9|} 2941259.6]138.0 
.5|II0.31| 295/260. 5|138.5 
-A/TI0.8}| 296/201. 3|139.0 
3/111. 3]] 297/262, 2/139.4 
eITII.7|| 2981/263.1/139.9 
-O1112.211 2991264 ,0/140,4 
240|211.9|112.7]| 300}264.9]140.8 


OAH ANAT VIS 
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149, 131.6 70.0]| 209)184. 
150/132.4] 70.4 2IOj185. 


AAT NAT D COD 
COO2 CORDS POM OWN 


211186. : 
212/187. 
213 188. 
214|189. 
215|189. 
216)190, 
217/IGI. 
218/192, 
219|193. 
420;194. 


Q21|195.1/TO3. 


151\133. 
152134. 
1§3 135. 
154/136, 
155 136. 
156137. 
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169 149, 
170 150. 
17 |US ha 
I72T51. 
173\152, 
174/153. 
175,154. 
176,155. 
177,156. 
178/157. 
5 179|158, 
120|106.0 .3|| 180)158.9 


ist Dep. Lat. ||Dist Dep. Lat. ||Dist! Dep.| Lat. Dist Dep. Lat. ||Dist Dep.| Lat. 
for 62 Degrees. 
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TABLE II, 


Difference of Latitude and Departure for 29 Degrees. 


{Dist} Lat. | Dep. [Dist]. Lat. | Dep. Dist Lat. | Dep.||Dist| Lat. | Dep. 
I} 00.9] 00.5]| 61} 53-4] 29.6 “121 105.8) 58.7 “181 158.3) 87.8 
2| OF.7| OT.O|] 62! 54.2] 30.1|| 122|106.7) 5§9.1]| 182/159.2| 88.2 
3| 02.6] O1.5]] 63) 55.1] 30.5]| 123/107.6] 59.6)) 183|160.1| 88.7 
4| 03.5] O1.g]} 64] 56.0] 34.0}] 124/108.5] 60.1|| 184\160.9|] 89.2 
5] 04.4] 02.4]] 65] 56.9] 31.5]| 125|109.3 pl 185/161.8| 89.7 
6| 05.2) 02.9]| 66] 57.7] 32.0)| 126/110.2} 61.1|| 186|162.7| 90.2 
4| 06,1] 03.4]] 67) 58.6) 32.5]| 127|117.1| 61.6]| 187/163.6| 90.7 
8| 07.0] 03.9]| 68) 59-5] 33.0}] 128|112.0} 62.1]| 188/164.4] gr.1! 
g| 07.9] 04.4] 69] 60.3] 33.5], 129/112.8] 62.5]) 189/165.3] 91.6 
10] 08.7} 04.8]} 7o} 61.2] 33-9]| 130/113-7] 63.0 _190|166.2| 92.1 
Tr} 09.6} 05.3|| 71] 62.1) 34.4]| 131/114.6| 63.5]| 191|167.1| 92.6 
12] 10.5] 05.8]} 72] 63.0} 34.9|| 132/115.4} 64.0|| 192]167.9] 93.1 
13} 11.4 06.3] 73| 63.8) 35.4)| 133|116.3| 64.5]| 193/168.8] 93.6 
14| 12.2] 06.2i/ 74) 64.7] 35.9|| 134]117.2] 65.0]] 194/169.7| 94.1 
15| 13.1| 07.3}} 75] 65.6] 36.4]] 135|118.1| 65.4]| 195/170.6) 94.5 
16| 14.0] 07.8|] 76) 66.5] 36.8]! 136)118.9] 65.9]| 196/171.4] 95.0 
17| 14.9} 08.2)/ 77] 67.3] 37.3]| 137|119.8] 66.4]) 197|172.3] 95.5 
18] 15.7] 08.7|| 78] 68.2] 37.8]| 138|120.7} 66.9]| 198]173.2] 96.0 
19] 16.6) 09.2|| 79} 69.1) 38.3]} 139|121.6| 67.4]! 199|174.0] 96.5 
20] 17-5] 09-7]/ 80]_70-0} 38.8)| 140]122.4) 67.9] 200]174.9] 97-0 
21| 18.4} 10. 81] 70.8} 39.3]] 141|123.3| 68.4 “201 175.8 97.4 
42] 19.2) IO. 82! 71.7] 39-8]| 142]124.2] 68.8]| 202/176.7] 97.9 
23| 20,1) II. 83| 72.6] 40.2/| 143|125.1] 69.3]| 203/177.5] 938.4 
24| 21.0] II. 84} 73.5] 40.7|| 144/125.9] 69.8]| 204|178.4] 98.9 
a5| 22.9) 12. 85] 74.3] 41.21! 145|126.8] 70.3]| 205}179.3] 99.4 
26) 22.7| 12. 86] 75.2] 4-.7|| 146/127.7] 70.8]| 206]180.2] 99.9 
27| 23.6) 13. 87| 76.1) 42.2]| 147|/128.6] 71.3]| 207/181,0]100.4 
28| 24.5] 13. 88] 77.0] 42.7]| 148]129.4] 71.8]| 208/181 .9|100.8 
29} 25.4] 14 89] 77.8] 43.1]| 149|130.3] 72.2|| 209|182.8]101.3 
30] 26.2) 14.5]| 90] 78.7] 43-6]] 150]131.2] 72-7|| 270/183.7|T01.8 
31| 27.1| 1§.0]] 91} 79.6) 44.1]| 151|132.1| 73-21] 211 184.5|102.3 
32| 28.0] 15.5]| 92] 80.5] 44.6]] 152]132.9] 73.7|| 212/185.4/102.8 
33| 28.9] 16.0]] 93] 82.3) 45.1|| 153/133.9] 74.2|| 213/186.3]103.3 
34| 29.7} 16.5|| 94) 82.2] 45.6)| 154/134.7] 74.7|| 214|187.2)103.7 
35| 30.6] £7.0]| 95} 83.1) 46.1]] 155/135.6] 75.1]] 215/188 .0]104.2 
36| 31.5] 17-5}; 96} 84.0] 46.5|| 156/136.4] 75.6]/ 2161188.9/104.7 
37| 32.41 17.91] 97| 84.8] 47.0]| 157|137.3] 76.1]| 217|189.8]105.2 
38| 33.2] 18.4]| 98] 85.7] 47.5]] 1581138.2| 76.6)| 218]190.7/105.7 
3g! 34.1| 18. 99| 36.6) 48.0]] 159]139.1| 77.1]| 219|191.5|106,2 
40] 35.0} 19-4}|' 100] 87.5} 48.5]| 160]139.9] 77.6]| 220]192.4|106.7 
41} 35-9] 19.9|} 101] 88.3) 49.0]| 161/140.8| 78.1} 221/193.3]/107.1 
42] 36.7) 20.4]| 102) 89.2] 49.5]| 162/141.7| 78.5]| 222/194.2|107.6 
43] 37.6] 20.8]| 103] 90.1] 49.9]] 163/142.6) 79.0]| 223/195 .0]108.1 
44] 38.5| a1 104} 91.0} §0,4|| 164/143.4] 79.5]| 224/195 .9/108.6 
45| 39-4} 21 105] 91.8] 50.9|| 1651144.3) 80.0]| 225/196.8|109.1 
46] 40.2] 22 106] 92.7] §1.4|| 166)145.2| 80.5]! 226/197.7/109.6 
47| 41.1| 22 107] 93.6] 51.9]| 167|146,1| 81.0] 227|/198.5|110.1 
48] 42.0! 23.3|| 108] 94.5] 52.4]; 168|146.9] 81.4]| 228]199. 4/170. 5 
49] 42.9] 23.8]| Tog] 95.3] 52.8)| 169/147.8] 81.9]| 229|200.3/111.0 
60] 43.7] 24.2]| 110] 96.2 53.3|| 17° 170|148.7| 82.4]| 230/201. 2/111. 5 
51] 44.6] 24.7]| 111] 97.1] 53.8]| 171/149.6| 82.9]| 231/202.0]112.0 
52) 45.5! 25.21) 112] 98.0] 54.3]] 172/150.4| 83.4]] 232)202.9]112.5 
53| 46.4] 25-7]; 113] 98.8] 54.8]| 173}151.3) 83.9]) 233/203.8]113 .0| 
$4] 47.2) 20.2/] 114) 99.7] 55.3] 174]152.2] 84.4] 234/204.7]/113.4]| 
55] 48.1) 26.7|]| 115|100.6) 55.8] 175|153.1| 84.8]| 235/205 .5/113.9 
§6| 49.01 27.1|| r16|101.5| 56.4]| 176|153.9| 85.3]| 230|200.4]114.4 
57| 49.9] 27.6)| 117|102.3] 56.7}] 177/154.8] 85.8}| 237/207.3/114.9 
58) 50.7] 28.1]| 118]103.2] 57.2|| 1781155.7| 86.3]| 238]208.2|115.4 
59| 51.6] 28.6|] rr9]104.1| §7.7|| 179|156.6] 86.81] 2391209. 0)415.9 
60} 52.5) 29.1|] 120|105.0) §8.2|| 180]1§7.4] 87.31] 240/409.9/116.4 

Dist} Dep.| Lat. }|Dist| Dep.| Lat. ||Dist| Dep.} Lat. ||Dist] Dep.| Lat. 


Dist Lat. 


“241 210.8 210,8/116.8 


Q40\201 7/117. 2 
243|212.5|117. 
244/213 .4/118.° 
245/214. 3/118. 
2460|21§ 21119, 
247|216 o|119. 
2.481216 ,9|120, 


249|217.3|120, 
_250 218.7/121. 


251/219 5|1aL. 
252|220.4/122. 
25 3/221.3/122. 
2541222.21/123. 
255/223 .01123. 
256/223. an a 
2571224 .8|124,. 
258/225 .7/125. 
259|226.5]125. 
_260/227. 4}126. 
261/228. 3/126. 
262)229.2/127. 
2.63}230.0/127 
264|230.9]128. 
265)231.8)128. 
266|232.6|129. 
2671233.5/129. 
2681234 .4|129. 
269)225 31130. 
_270 230.1130. 


271/237. Ol13r. 
2721237 .Q|131. 
2731238 3/132, 
274/239.6/132. 
275|240.5:133.° 
276/241 .4}133. 
2.97|242.3)134.: 


278) 243.1134 
279}244.0/135 


280]244 .9|135. 
281/245 .8/136. 
282|246.6/136, 
283|247.5/137. 
284/248. 4|137. 
138, 
138, 
139. 
139. 
289]252.8)140. 


285/249 .3 

286/250, ; 
287/251.0 
288/251 .9! 


_290)253-6 -6|140. 
"291/254. 
292/255. 
293 256, 
294/257 - 
2.951258. 
296)258. 
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46 TABLE Il. 


Difference of Latitude and Departure for 30 Degrees. 

Dist| Lat. | Dep.||Dist} Lat. | Dep.||Dist} Lat. | Dep.||Dist) 2 at. | Dep.||Dist| Lat. | Dep. 

I] 00.9] 00.5]] 61] 52.8] 30.5 -5|| 181]156.3] 90.5]| 241/208.7/120.5 

a] O1.7| OL.0!} 62) 53.7] 31.0 .O}] 182]157.6) 91.0)] 242/209.6]1ar.0 18 @ 

3} 02.6] O1.5]| 63) 54.0) 31.5 -5|| 183}158.5] 91.5]| 243/210.4|121.5 a | 

4] 03.5] O2.0]/ 64} 55.4] 32.0 Ol] 184/159.3] 92.0]] 244/211.3]122.0 

5] 04.3] 02-51 65] 56.3] 32.5 -5]| 185}160.2] 92.5)]| 245/212. 2122.5 S| 

6] 05.2] 03.0] 66).57.2} 33.0 .O|] 186/16r.1] 93.0|] 246/213.0]123.0 : 

7} 06,1] 03.5] 67] 58.0) 33.5 ~5|| 187 rg 93.5]| 247|213.91123.5 : | 

8} 06,9} 04.0] 68] 58.9] 34.0 .O}/ 188/162.8] 94.0] 248/214.8]124.0 of 

g] 07.8) 04.5]1 69] 59.8] 34.5 .5|| 189)163.7] 94.5]] 249/215 .6]135.5 | 
10] 08.7] 05-0] 70} 60.6) 35.0 -O}} Tg0]T64.5} 95.0]| 250/216. 5)125.0 S| 
II} 09.5} 05.5|| 71] 61.5] 35-5 -5}] 191]165.41\95.5]} 251/217.4/125 .5 P| 
12] 10,4] 06.0) 72] 62.4] 36.0 -O]] 192/166.3] y6.0}) 252/218.21126.0 | Fae 
13] 11.3] 06.5} 73) 63.2] 36.5 54 193)167.1] 96.5]] 253/219.1/126.5 | fe 
14) 12.1] 07.0} 74} 64.1] 37.0 -O}} 194}168.0] 97.0]| 254]220.0)127.0 
15| 13.0] ©7.5]] 75] 65.0] 37.5 -5{| 195|168.9] 97.5]| 255|220.8]/127.5 |b 
16| 13.9} 08.0]} 76] 65.8] 38.0 Ol] 196|169.7| 98.0)] 256/221.7/128.0 
17] 14.7} 08.5]] 77} 66.7] 38.5 5} 197|170.6} 98.5]] 257/222.6/128.5 

18! 15,6] 09.0] ~8} 67.5] 39 © -o 198|/T71.5] 99.0]] 258/223.41129.0 | f © 
Tg] 16.5} 09.51} 79} 63.4] 39.5 69.5]/ 199]172.3} 99.5i| 259]224.3|/129.5 | F 

20] 17.3} 10.0] 80} 69.3} 40.0 .2| 7O.O]] 200]173.2/100.0]] 260/225.2/130.0 | Ff 
21} 18.2] 10.5]| 81} 70.1} 40.5 5|| 201]174.1]100.5|| 261|226.0}130.5 ‘| 
92) 19.1} 11.0]] 8a] 71.0] 41.0 Ol] 2021174.9]10T.o|] 262]226.9 | 

23} 19.9] 11-5]] 83] 71.9] 41.5 5{| 203]175.8/LOL.5]| 263/227.81131.5 | f 

24]: 20.8] 12.0]] 84] 72.7] 42.0 |} 204]176.7|102.0]] 264/228 .6]132.0 a 
25} 21.7| 12.5]| 85] 73.6) 42.5 5H} 2051177.5|102.5]] 2651229.5)132.5 

26] 22.5] 13.0] 86) 74.5] 43.0 3.0|] 206/178. 4]103.0]] 266/230.4/133.0 

27) 23.4] 13.5|] 87] 75.3} 43.5 5]| 207|179.3]103.5)) 267)231.2)133.5 

28] 24,2] 14.0]] 88] 76.2} 44.01 Ol} 208/180. 1]104.0]] 268/232.1|134.¢ 

29] 25.1] 14.5] 89] 77.1] 44.5 5]| 209/181.0/104.5]] 269]233.0]134.5 

30] 26.0] 15-0]/ go} 77-9] 45.0 Ol] 2T0j18I.g]TO§ .O|] 270]/233.8]135.0 

3r| 26.8] 15.5]] gr] 78.8) 45.5 30.8} 75.5]| 211/182.7/105.5]| 2711234-7|135.5 

321 27.7} 16.0], 92] 79-7] 46.ol| 15 6} 76.0]| 212]183.6|106.0!] 272/235.61136.0 

33) 28.6) 16.5 31 80.5} 46.5 : .5| 76.5]| 273]184.5]106.5]] 2731236.4|136.5 

34] 29.4] 17.0] 94] 81.4] 47.0 77.O|| 214|185.3}107.0}] 274]237.31137 0 

35] 30.3] 17.5]] 95] 82.3] 47.5 77 5|| 215/186, 2|107.5|| 275|238.21137.5 

36| 31.2] 18.0]| . 96} 83.1] 48.0 I] 78.0|| 216/187 ,1]105.0]] 276/239.0/138.0 

37) 32.01 18.5] 97] 84.0] 48.5 36.0} 78.5]| 217|187.9]108.5]] 2771239.9]/138.5 

33} 32.9] 19.0] 98] 84.9] 49.0 “ 79.0]| 218/188 8/109 .0]] 278/240.8]139.0 

39| 33-8] 19.5]1 99] 85.7] 49.5 79.5]} 219]189.7|109.5]] 279|241.61139.5 

40] 34.6] 20.0]] roo] 86.6} 50.0 80.0]] 220]/190.5]110.0]] 2801242.5]140.0 

4t| 35.5] 20.5]| ror] 87.5] 50.5 §|| 2az|T91.4/110.5|| 2811243.41140.5 | f 
42] 36.4] 21.0]] 102} 88.3] 51.0 O|| 2221192. 3]/111.0]] 282]244.21141.0 

43| 37.2] 21.5|| 103] 89.2) 51.5 5] 223)193.1/L11.5|| 283]/245.1/f41.5 

44| 38.1] 22.0]| 104] 90.1] §2.0 o|| 224]194.0]112.0}]] 284]/246.0]142.0 

45] 39.0] 22.5]| 105] 99.9] 52.5 S|] 225]194.9|112.5]| 285|/246.8]142.5 

40| 39.8] 23.0]] ro6] 91.8] 53.0 3.0]] 226}195.7|113.0]| 286]247.7|143.0 

47} 40.7! 23.5]| 107] 92.7] 53.5 gl] 227/196.6/113.5]] 2871/248.51143.5 

48! 41.6] 24.0]] 108} 93.5] 54.0 o|] 228]197.5|114.0]} 288]249.4)144.0 

49} 42.4] 24.5]} Tog] 94.4] 54.5 5|| 229]198.3]114.5|| 289/250. 31144. 5 

50} 43.3). 25-0]] 119} 95.3] 55.0 Ol] 230/199.2|£15.0l] 290]251.1]145.0 

51) 44.21 25.5}} r11] 96.1] 55.5]] 1711148.1] 85.5]| 231/200. 1/115.5|| 2g1/252.0]145.5 

52] 45.0] 26.0]] 112} 97.0] 56.0]] 172]149.0] 86.0]] 232/200.9/116.0]| 292/252.9]146.0 

53] 45-9] 26.5|| 113] 97.9, 56.5!) 173]149.8] 86.5]| 233)201.3)116.5]) 293]253.7/146.5 

54] 46.8) 27.0] 114] 98.7] 57.0}] £74]159.7}-87.0]] 234|202.6]117.0]] 294|254.6|147.0 

55] 47-0) 27-5), 1151 99.0) 57.51) 1751151.6] 87.5|] 235/203.5/127.5|] 295/255-5|247-5 

§6) 48.5] 28.0] 116]100,5) 58.0) 176/152.4! 88.011 236|204.4 118.0 296|256.3}148.0 

57| 49.4] 28.5]} 127/101. 3) 58.5]] 177|153.3] 88.5]| 237/205.21118.5|) 297/257.21148.5 

§3] 50.2] 29.0}] 118]102,2) 59.0]1 178]154.2] 89.0]] 238]206.1|119.0]} 298258 .1]149.0 

59] 51.1] 29.5]| 119|103.1] 59.5] 179|1§5.0| 89.5]} 239]207.0]T19.5}] 299|258.9|149.5 

60} 52.0] 30.0}| 120]103.9] 60.0}] 180]155.9! go.o}] 2401207.8]120.0|| 300)259.8]150.0 


——— | —______ | 


Dist| Dep.| Lat. |[Dist] Dep.| Lat. ||Dist] Dep.| Lat. ||Dist| Dep.| Lat. ||Dist| Dep.| Lat. 
for 60 Degrees. 


TABLE IL. 47 | 
Difference of Latitude and Departure for 31 Degrees. 


a ees | pee eneninn 


Cael 


Dist} Lat. | Dep. Dist! Lat. | Dep.|/Dist| Lat. | Dep.|/Dist} Lat. | Dep.||Dist] Lat.| Dep. 
I] 00.9} 00.5] 61) 52-3] 31.4]] 121]103.7] 62.3]] 181)155.1] 93.21] 2411206.6/124.1 
2} OL.7] O1.Ol] 62) 53-1] 31.9]} 122]104.6] 62.81) 1821156.0] 93.7]| 242/207.4|124.6 
3].02.6] OF.51] 63) 54.0] 32.4)] 123/105.4] 63.31] 183/156.09] 94.3]| 243/208.31125.2 
4] 03.4] 02.1]] 64! 54.9] 33.0]] 124/106.3] 63.9]| 184]157.7] 94.8]1 244/209. 1/125 .7 
5) 04.3} 02.6)) 65) 55-7] 33-5}| 125]107.1] 64.4]] 185]158.6] 95.31] 245/210.0)126.2 
6} 05.1] 03.1] 66) 56.6] 34.0]] 126/t08.0) 64.91 186]159.4] 95 .8]| 246)210.9)126.7 
7| 06,0] 03.6]| 67) 57-4) 34.5]| 127|108.9] 65.4]| 187|160.3] 96.3 ZAN2I1 7/127. 
8] 06.9] O4.1 63) 58.3] 35.0]] 128]109.7] 65.9]| 188]!161.1] 96.8 248/212 ,6/127.7 
9g} 07.7] 04.61) 69) 59-2] 35.5]] 129]110.6] 66.4/| 189]162.0] 97.31] 249]213.4|128.2 
TO} 08.6] 05.2|| 7o| 60.0] 36.1/| 130]111.4] 67.0|| rg0}162.9] 97.9]} a50]214.31128.8 
II] 09.4] 05.7|| 71} 60.9] 36.6)) 131/112.3) 67.5]] 191]163.7] 98.4]| 251/215.1/129.3 | | 
12| 10.3] 06.2\| 72) OF.7| 37.1]! 132|113.1| 68.0)/ 192|164.6) 98.9)| 2521216.0]129.8 | | 
13} 11.1} 06.7]| 73) 62.6) 37.6|| 133]114.0) 68.5|| 193|165.4] 99.4|| 253]216.9|130.2 | | 

| 14| 12.0] 07.21) 74) 63.4] 38.1] 134 114.9] 69.0]} 194]166.3] 99.9 254|217.7/120.8 | | 
15} 12.9] 07.7|| 75) 64.3} 38.6)] 135|115.7] 69.5) 195]167.1|100.4]] 255]218.6]131.3 | | 
16] 13.7] O8.2|| 70) 65.1] 39.1]! 136]116.6] 70.0)| 196|168.0}100.9|| 256]219.4/131.8 | | 
17} 14.6] 08.8]| 77) 66.0] 39.7|| 137|117.4] 70.6]| 197/168. 9]z0r.5]] 257]220,31132.4 | | 
13] 15.4] 09.3]| 78} 66.9) 40.21) 138]218.3] 72.1|] 198]169,7|102.0]| 258]221.1/132.9 
19} 16.3} 09.8]| 79} 67.7] 40.7|| 139)119.1] 71.6]] 199|170.6]102.5]] 259]222.01133.4 
20| 17.1] 10.3]| 80) 68.6] 41.2}| 140]120.0] 72.1]| 200]171.4|103.0]| 260]222.91133.9 
21) 18.0] 10.8]} 81] 69.4] 41-7|| 141|120.9] 72.6]] 201/172. 3|103.5]] 261]223.7/134.4 
22) 18.9] 11.3]! 82] 70.3] 42.2]| 142/121.7| 73.1]| 2021173.1|104.0]] 262/224.61134.9 | | 
23|-19.7| I1.8}| 83] 71.1] 42.7]| 143]122.6] 73.7|1 2031174.0)/104.6]| 263/225.41135.5 
24) 20.6] £2.4]] 84] 72.0) 43.3]] 144]123.4] 74.2]} 204]174.9]105.1|] 264/226. 3]136.0 
25} 21.4] 12.9]| 85] 72.9] 43.8!) 145|124.3] 74.7]| 205/175 .7/105.6]| 265/227.1/136.5 
26} 22.3) 13.4] 86] 73.7] 44.3]| 146|125.1] 75.2|| 206|176.61106,1|| 266/228.0/137.0 
27} 23.1 13.9]| 87) 74.6] 44.8]) 147/126.0] 75.7]] 207)177.4|106.6]| 267/228 .9/137.5 
23} 24.0} 14.4]| 88) 75.4] 45.3]| 148]126.9] 76.2]| 208/178.3]107.1|| 26 f 0 
29] 24.9] 14.9]| 89] 76.3] 45.8]] 149]127.7 76.7) 209/179 .1|107 . 6} is 
30} 25-7]: 15.51] Qo} 77-1) 46.4]} 150]128.6] 77.3)! 210/180.0]108.]| . af 
31| 26.6] 16.0]| gt} 78.0} 46.9)| 151]129.4] 77.8]| 2r1}180.9]108.7 .6 
32| 27.4] 16.5]| 92] 78.9] 47-4]| 1521130.3] 78.3]] 212)181.7|109.2 «ik 
33) 28.3] 17.0ll 93] 79-7] 47-9|| 153]132-1| 78.81] 213/182.6]r09.7 6 
34} 29.1] 17.5]] 94] 80.6) 48.4!) 154]132.01 79.3]] 214]183.4]110.2 ei 
35| 30.0] 18.0]] gs} 81.4] 48.9]] 155]132.9] 79.8]] 2151184. 31110.7 .6 
36} 30.9] 18.5]] 96] 82.3] 49.4]| 156]133.7| 80.3]] 216/185. 1]111.2 po} 
37} 31.7] 19-1|| 97] 83.1] 50.0] 157/134.6) 80.9]| 217/186. o]111.8 1207 
38] 32.6) 19.6) 98) 84.0] 50.5} 158]135.4] 81.4]} 278/186, 9]112.3 oy 
39] 33-4] 20-1]| 99} 84.9} 52-O}] 1591136.3] 81.9] 219]187.7)112.8 a 
40] 34.3} 20-6]! Too} 85.7] 51.5]; 160]/137.1] 82.4]] 220|188.6]113.3 i 
A4I| 35-1} 21.1]| ror} 80.6] 52.0 -O} 82.9]] 221/189.4]113.8]) 281/240.9/144.7 
42) 30.0} 21.61) roa} 87.4! 52.5 9} 83.4]] 222/190.3]114.3]] 282/241.7/145.2 
43| 36.9] 22.11 103] 88.3] 53.0 71 84.0]] 223/191 .1]114.9]} 283/242.61145 .8 
44) 37.7) 22.711 104] 89.1] 53.6 6! 84.5]] 224/192.0]115.4]| 284/243.4]140.3 
45| 38.6] 23.2)) IOs} 90.0} 54.1 4} 85.0] 225]162.9/115.9]] 285/244. 3}146.38 
46| 39.4} 23.7]| 106] 90.9] 54.6 .3| 85.5|| 226]193.7|116.4]| 286/245 .11/147.3 
47| 40.3] 24.2]| 107] 91.7] 55.1 .1| 86.0] 227/194.6|116.9)| 287|246.0}147.8 
48]. 41.1} 24.7|} 108] 92.6) 55.6 .O} 86.5]] 228]195.41117.4]| 288/246.9/148.3 
49] 42.0] 25.2]| 109] 93.4] 56.1 A. 7.O}] 2291196. 3]117.9]| 2891247 .71148.8 
50] 42.9] 25.8) TIO} 94.3] 56.7|| 170)145-7) 87.6] 230]197-1|£18.5]] 290]248.6)149.4 
§1| 43-7| 26.3]| 111] 95.1] 57.2 88.11 231|198.0]119.0]] 291|249.4]149.9 
52] 44.6] 26.8]| 112] 96.0] 57.7 88.6]] 232/T98.9]119.5]} 292/250. 3]1150.4 
53) 45-4] 27.3]| 113] 96.9] 53.2) 89.11 233 199.7|£20.0|] 293/2§1.21150.9 
54| 46.31 27.8]| 114] 97.7] 58.7 89.6)) 234/200.6]120.5]] 294/252.01151.4 
55| 47.1} 28.3]| 115] 98.6] 59.2 QO.Ii] 235/201.4/121.0)| 295|252,9]151.9 
56] 48.0] 28.8]! 116) 99.4] 59.7) 90.6] 230/202. 3121.5}. 2961253.71152.5 
57| 48.9] 29.4] 117]100.3] 60.3) QI.2\| 237/203.1|/122.1|| 207/2§4.61153.0 
§8} 49.7] 29.9|| 118lror.1| 60.8: QT .71| 238/204.0|122.6]| 298]255 .4]753.5 
59} 50.6] 30.41] 1tg|10z.0] 61.3) 92.2]] 239|/204.9]123.11| 299/256.31154.0 
60] 51.4] 30.9] 120}102.9) 61.8; 92.71 240/205 .7]128.6]| 300)257.1]154.5 


Dist Dep. ‘Fat. ||Dist Dep. Lat. ||Dist| Dep Lat. ||Dist Dep.| Lat. ||[Dist] Dep.| Lat. 


for 59 Degrees. 
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Difference of Latitude and Departure for 32 Degrees. 


Dist} Lat. | Dep. 


‘ 
©. C63 CCA 2B - 5 a 


+ 10 


60 


— 


+ Dist 


00. 8| 00.5|) OI) 51-7 
ot OI.1|} 62] 52.0 
02.5; O1.6)| 63] 53-4 
03.4) 02.1|} 64) 54.3 
04.2; 02.6]| 65] 55.1 
05.1] 03.21] 66} 56.0 
05.9] 03.7|| 67] 56.8 
06.8) 04.2|| 68) 57.7 
07.6] 04.8)! 69] 58.5 
03.5} 05+3!| 70} 59:4 
09.3] 05-8] 71] 60.2 
na 06.4]| 72) 61.1 
11.0] 06.9]| 73] Or.9 
11.9] 07.41 74] 62.8 
12.7} 07.9]] 75] 63.6 
13.6] 08.5]] 76] 64.5 
14.4] 09.0]} 77| 05.3 
15.3] 09.5]] 78] 66.1 
16,1] 10.1] 79] 67.0 
17.0] 10.6]| 80] 67.8 
17.8] Ir.1|| 81} 68.7 
18.7] 11.7|} 82] 69.5 
19.5] 2.2 31 -79.4 
20.4) 12.9|| 84) 71.2 
21.2) 03.2) BS} 172.2 
22.0] 13.8]} 86] 72.9 
22.9] 14.3|| 87] 73.8 
23.7) 14.8|| 88] 74.6 
24.6] 15.4|} 89] 75.5 
25-4] 15-9} 90] 76-3 
26.3].10.4]| 91] 77-2 
27.11 t7.0|}. 92] 78.0 
28.0] 17.SI} 93] 78.9 
28.8] 18.0]} 94] 79.7 
29.7| 18.5]| 95} 80.6 
30.5] 19.1]| g6| 81.4 
31.4] 19.6]| 97) 82.3 
32.2) 20.1] 98} 83.1 
33.1| 20.7]| 99} 84.0 
33-9] 21.2|| 100] 84.8) 
4.8) 21.7]| 101] 35.7 
OG oaltad 102} 86.5 
30.5] 22.8]| 103] 87.3 
37.43) 23.3]|'104) 88.2 
38.2| 23.8]| 105| 89.0 
39.0] 24.4]} 106] 89.9 
39.9} 24.9]} 107] 90.7 
40.7 25 all 108] 91.6 
41.6} 26.0]| 10g] 92.4 
42-4] 26.51] TIO] 93.3 
43.3|' 27-01] 111} 94 

44.1] 27.6]| 112] 95. 

44:9] 28.1|| 1131 95. 

45.8] 28.6]| 114} 96. 

46..6) 29.1]| 115] 97. 

47.5] 29.7|| 116} 98 

43.3} 30.2}| 117] 99. 

49.2) 30.7|| L1$8j100, 

50,0} 31.3)| I1g|100.9 
50.9] 31.8}} 120|101.8 


Dey | Lat. | Dist] Dep. 


Lat. 


TABLE I. 


oe ee ————_—._ | ———_——_—_ ee 
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129|107..7 
128}108. 


I41\irg. 
142/120. 
143/121. 
144|122. 


is) 
so 
Sb OAH Aon OMDO IDWS CHOMTNHN NAD AlH OOMOHCOHLOW 


48.2)) I51/128.1 
48 .8]| 152/128.9 
49.3|| 153)129.8 
49.8]| 154|130.6 
S© 3}) 155|131.4 
§0.9|| 156/132.3 
51.4)) 157|133.1 
51.9]} 158/134.0 
52.5|| 159|134.8 
§3-Ol] 160]}135.-7 


tn 
tn 
CONsNTN AH OHM 


Dep.||Dist| Lat. 


243|206.1|128 .8 


97-5|| 2441206.9|129.3 

98.0] 245|207.8|129.8 

98.6)| 246]203.6}130.4 

99-3] 247|209.5}130.9 

99.6]| 248210. 31131.4 

31100. 2|| 24g]ar1.al231.9 

IQO|T61.1]100.7]} 250]212.0]132.5 

O|101. 2)! 251|212.9]133.0 

8/LOL.7|] 252/213.7|133.5 

102.3] 253 6)134.1 

§|102.8]] 254/215.41134.6 

4j103.3}| 255 35-1 

2|103.9}} 250)217.1|135.7 

1]104.4]] 257|217.9]136.2 

g}104.9|| 258)218.8)136.7 

8/105 .5]] 259/219.6]137.2 

-6|106.0]] 260]220.5]137.8 
201|170,5}106.5|| 261/221. 3138 
3) 107 2.62|222. 21138 


298]252.71157.9 


for 58 Degrees. 
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Difference of Latitude and Departure for 33 Degrees. 


Dep.||Dist} Lat. | Dep. 


—_——_——. 


tno B COD CON ™T FH DH 


Our lo B to DTH OO 


COOIMI YN Axe AOWMDO ISL OWN VN 


DAH OMODL 


2301197 .9|128.5 
2.37198 .3|129.1 
238/199 .61129 .6 


2.39|200..4]130. 2} 


2401201 « 3}130.7 


——— | ——$—$_—__— | —_______.. ———— | —__—_—_— 
ee | ee ee | | | | ———— | | I OO” 


Dep.| Lat. |/Dist] Dep.| Lat. ||Dist] Dep. iDist| Dep.t_ Lat. 


for 57 Yegrees. 


Dist| Lat.) Dep. 


Q41]202. 1131. 
242\203.0)131. 
2.43|203 8/132. 
244|204 6/132. 
2.45)205 .5)133. 
2.46|206 ,3}134 
2471207 . 2/134. 
2481208 .O|135. 
2.49|208 .8|135. 
2.§0|209.7|136. 


YN AKRMOfOW CW 


251|210.5|136. 
252\211.3|137. 
25 3|212.2/137. 
254/213 .0/138. 
255|213.9/138. 
256|214.7|139. 
257|215 .5|140. 
258|216.4|140. 
259|217.2|141. 
260|218.1|141- 
261}218 .g|142. 
262\219.7)|142. 
263|220.6/143. 
2.64|221 .4|143. 
265|222.2|144. 
266|223.11144. 
2.67|223.9)145. 
2681224 .8|146.0 
2691225 .6|146.5 
270|226.4|147 +1 
271|227.3|147.6 
2.72|228.1/148.1 
27 3\229 .0|148.7 
274|229.8|149.2 
275|230.6|149.8 
276/231.5/150.3 
2771232. 3|150.9- 
273)233.2|151.4 
2.79|234.0|152.0 
28012348 152.5, 
281/235 .7|153.0 
282/236.5|153.6 
9331237 3154.1 
284/238.2|154.7 
2851239. 
2861239. 
287|240. 
288/241. 
239/242. 


FO conn Oo Spade OPC& CNN 


291|244.1|158.5 
292|244.9|159. 
293/245 -7|159- 
te 246.6 rae 
295|24.7 -4|160. 
296/248 .2|T OT. 
297|249.1 161. 
298/249 .9|162. 
2.99|250.8|162. 
300/251 .6)163.4 


—— 


Ow CON TH AO 


—_—— 


x) TABLE IL. 
Difference of Latitude and Departure for 34 Degrees. 
Dist| Lat.| Dep.||Dist| Lat. | Dep.|[Dist| Lat. | Dep.|Dist| Lat. | Dep.||Dist| Lat.| Dep. 
I} 00.8} 00.6 .6| 34.1]| 121]100.3] 67.7] 181}£50.1 101.2. 241|199.81134.8 
2) O1.7! OI.1 4] 34-7|| 122/T01.1) 68.2 182]150.g)101.8) 242/200. 6)135.3 
3] 02.5] O1.7| 2) 35.21 123]102.0] 68.8]) 183)151.7|102. 3] 243|201.5)135.9 
Al 03.3) 02.2) I} 35.8]! 124]102.8) 69.3]] 184)152.5\102.9|] 244/202. 31136.4 
§| 04.1] 02.8] 9} 20.3} 125}103.6] 69.9]] 185/153.4|103.5] 245]203.11137.0 
6} 05.0} 03.4 .7| 30.9] 126/104.5] 70.5], 186/154. 2/104.0| 246/203 .9|137.6 
: 71 05.8} 03.9 5] 37-5i] 127/105 .3] 71.O]] 187/155 .0/204.6]| 247/204, 8/138.1 
8} 06.0) 04.5 4] 38.0] 128}t06.i| 71.6)] 188]155.9]105.1}] 248}205 .6}138.7 
g} 07.5] 95 a| 2) 38.6)) 129|106.9] 72.1|| 189}156,.7|105.7|] 249|206,.41139.2 
10} 08.3] 05.6] O] 39-1] 130]107.8] 72.7|| Igo|157.5!106.2|| 250/207. 3/139.8 
It| 09.1] 00,2 9} 39.7|] 1311108.6] 73.3]| 191|15§8.3|106.8]| 251/208.11140.4 
12] 09.9} 06.7 9-7} 40.3]| 132}109.4] 73.8]] 192/159.2]107.4/| 252/208 .g]140.9 
13, 10.4] 07.3 .5{ 40.8{) 133]/110.3] 74.4]] 193|160.0]107.9]| 25§31209.71141.§ 
14| 11.6] 07.8 3} 40.4]) 134/L11.1) 74.9]| 194)100.8]108.5]| 254|/219.6]142.0 
15} 12.4] O8.4]] .2| 41.9]] 135/1TI.9] 75.5]} 195|161.7|L0g.0]] 255|211.4|142.6 
16} 13.3] 08,9 .O] 42.5]] 1360/112.7| 76.i|| 196/162.5|109.6)| 256)212.21143.2 
7} 14.1] 09.5 3.8! 43.1|| 137|113.6 76.4 197]163. 3/119. 2|| 2571/213.1/143.7 
13] 14.9} TO.I 7) 43.6}| 138]/114.4| 77.2] 198)164.1|t10.7|| 258]213.91144.3 
r9} 15.8] 10.6 5} 44.2|| 139/T15.2! 77.7|] 199)165 .Oltr1.3}| 259|214.7|144.8 
20) 16.6) TI.2 a te rd _140jt 10.1 73.3 200/165 .8 CET .8}} 200/215 .$)145 +4 
OI, 47.4)° 11.7 -2| 45-3]) 141|116.9| 78.8]| 201/166.6|112.4]| 261/216. 4/145 .9 
Dot de. 2) Laue -O} 45.9]| 142]117.7| 79-4]| 202|167.5|113.0|| 262]217.2/146.5 
23], 19.1), 12.9 8] 46.4]] 143]118.6) 80.0]} 2031168. 3]113.5|| 263/218.0/147.1 
24) 19.9) 13.4 -6} 47.0]] 144/119.4] 80.5]] 204]169.1]114.1|| 264/218.9}147.6 
25] 20.7] 14.0 ~5| 47-5|} 145]120.2} 81r.1]| 205]/170.0]114.6)| 265/219.7|148.2 
26] 21.6] 14.5 -3) 48.1|| 146|121.0] 81.6]] 206/170. 8)115.2)| 266]/220.5|148.7 
27| 22.41 15.1 -1| 48.6]| 147/121.9} 82.21) 207/171.6|115.8]| 267|227.4|149.3 
28] 23.2) 15.7 -O} 49.2|| 148]122.7| 82.8]| 208/172.4)116.3]! 268]222.2}149.9 
29] 24.0} 16.2 3-8} 49.8] 149/123.5] 83.3]] 209]173.3]116.9)| 2691223.0]150.4 
30] 24.9} 16.8 6) §0.3]| 150]124.4] 83.9]| 210])174.1]117.4|| 270|223.8/151.0 
41) 25-71. £7 «3 4} §0.9]} 151/125.2] 84.4)| 212]174.9|118.0]| 271/224.7|15745 
32| 26.5] 17.9 3} 51.4]| 152]/226.0] 85.0] 2121175 .8]118.5]] 272/225 .5]152.1 
33] 27-4] 18.5 I] §2.0]] 153/1226.8] 85.6]| 213/176. 6]119.1|| 273|226.3/152.7 
34| 28.2] 19.0 9] 52.6]] 154/127.7] 86.1]] 214|177.4|119.7|| 2741227 .21153.2 
35| 29.0] 19,6 8] 53.1] 155|128.5| 8627|| 215]178.2]120.2|] 275/228.01153.8 
36] 29.8} 20.1 6} §3.7]] 156]129.3] 87.2 216/179.1|120.8]] 276)228.8]154.3 | 
371 30.7] 20.7 4] 54.21] 1§7/130.2| 87.8]! 217/179.9|121.3]| 277/229.6]154.9 
Sor ars sh 2k. 2 -2) 54.8}] 158}£31.0] 88.4]] 218]180.7]127.9]| 278)230.5]155.5 
39] 32-3] 21.8 2.1} §5.4l] 159}131.81 88.9)| 219]181.6!122.5]] 279]237.3/156.0 
40| 3362] 22.4 82.9} 55.9|| 160]132.6] 89.5] 220]182.4]123.0]| 280)232.1/1506.6 
41] 34.0] 22.9 83.7] 56.5|| 161/133.5} 9O.O}] 221/183.2/123.6]| 281/233.0]157.1 
421 34.8] 23.5 ~64 57.0]] 162/134.3] 90.6]] 222|184.0]124.1|] 282/233.8]157.7 
431 35.61 24.0 85.41 57.6]| 163]135.1] 91.1|| 2231/184.9]124.7|| 283}234.6}158.3 
44| 36.5| 24.6 86.2]. 58.2]] 164)136.0) g1.7|| 224]185.7|125.3]| 2841235.4]158.8 
AS) 374 3ln 20k 87.0] 58.7|| 165/136.8] 92.3|| 225|186.5]125.8]| 285/236. 31159.4 
46} 38.1] 25.7 87.9] §9.3]) 166/137.6] 92.8]| 226/187.4]126.4]| 286)237.1/159.9 
47] 39.0} 26.3 88.7] §9.8]] 167|138.4] 93.4|| 227|188.2)126.9]| 287/237.9|160.5 
48! 39.8] 26.8 89.5] 60.4]| £68]139.3] 93.9]| 228/189.0)127.5]| 288)238.8|161.0 
. 49! 40.6] 27.4 90.4] 61.0}] 569]140.1] 94.5}| 229]189.8]128.1]| 289)239.6|161.6 
50] 41-5] 28.0 QI.2] 61.5] 170/T40.9] 95.T|| 230]190.7/128.6]| 290]/240.4/162.2 
51] 42.3} 28.5 92.0] 62.1]} £71/141.8) 95.6]| 231/191.5]129.2]| 291/241.2|162.7 
§2| 43-1] 29.1 92.9] 62.6] £72/142.6) 96.2]| 232/192.3/129.7|| 292/242.1|163.3 
53| 43-9] 29.6 -7| 63.2]| €73|143.4] 96.7|| 2331193-2|130.3]| 293/242.9|163.8 
54} 44.8] 30.2 5} 63.7]| 174/144.3] 97-3]] 234|194.0|130.9]| 2941243.7|164.4 
55| 45-6] 30.8 3} 64.3]| 1751145.1| 97-9]| 235]/194.8|131.4]| 295|244.6/165.0 
56) 46.4] 31.3 .2| 64.9] 176/145.9] 98.4]| 236/195 .7]/132.0|] 296/245 .4]165.5 
57| 47-3] 31.9 .O| 65.4]| 177/146.7) 99.0]| 237/196.5]132.5]| 297/246. 2|166.1 
58]. 48.1] 32.4 8] 66.0]] 178|147.6} 99.5]| 238]197.3]133.T]| 298/247.1|166.6 
59] 48.9} 33.0 .7| 66,5]| 179}148.4|100.1]| 239]1y8.1|133.6)) 299)247.9|167.2 
60} 49.7] 33-6 -§| 67.1]1 180]149.2]100.7]| 240]199-0/134.2|| 300/248.71167.8 
iDist| Dep.| Lat. ||Dist| Dep.| Lat. ||Dist Dep.| Lat. ||Dist| Dep.| Lat. ||Dist] Dep.| Lat. 


[ 


for 56 Degrees. 


} 


TABLE I. 
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Difference of Latitude and Departure for 35 Degrees. 


Dist! Dep.! Lat. ||Dist; Dep.| Lat. 


Dist} Lat. Dep. Dist Lat. Dep. 
I 00.6] 6z} 50.0] 35.0 
2 o1.1|] 62] 50.8] 35.6 
3 O1.7|| © 63] 51.6) 30.1 
4 02.31] 64) 52.41 36.7 
5 02.9)/ 65! 53.2] 37-3 
6 03.4|| 66} 54.11 37.9 
4 04,0}} 67! 54.9} 38.4 
8 04.6] 68) 55.7) 39.0 
9 05.2|| 69] 56.5] 39.6 

__19] 08.2] 05-7]]_70|_57+3)_40-2 
II 06.3/| 71] 58.2) 40.7 

‘12 06.9]) 72] 59.0] 41.3 
13 07.5|| 73] 59-8] 41.9 
14 08.0]] 74] 60.6) 42.4 
15 08.6]) 75} 61.4} 43.0 
16 09.2) 76| 62.3) 43.6 
17 09.8)! 77) 63.1] 44.2 
18 10.3]| 78] 63.9] 44.7 
19 10.9} 79) 64.7] 45.3 
20 II.5|} 80} 65.5] 45.9 
21 12.0]] 81} 66.4] 46.5 
22 12.6]| 82] 67.2] 47.0 
23 73.2|} 83) 68.0] 47.6 
24 13.8]! 84] 68.8] 48.2 
25 14.3]| 85] 69.6) 48.8 
26 14.9|| 86) 70.4] 49.3 
27 15.5|| 87] 72.3] 49-9 
28 16.1|| 88) 72.1] 50.5 
29 16.6]} 89] 72.9) 51.0 
30 17-21] yo! 73.7] 51-6 
31 17.8] O11:74.5] 52.2 
32 18.4|| 92] 75.4] 52.8 
33 18.9]] 93) 76.2] 53.3 
34 19+5|} 94) 77-9} 53-9 
2 20.1|| 95) 77.8] 54.5 
36 20.6)! 96] 78.6] 55.1 
37 21.21/97] 79.5] 55.0 
38 21.8]| 98! 80.3} 56.2 
39 22.4] 99] 81.1] 56.8 
40] 32.8] 22.9)| TOO} 81.9] 57.4 
AI 23-5|| LOI] 82.7] 57.9 
42 24.1|| 102] 83.6] 58.5 
43 24.7|| 103} 84.4] 59.1 
44 25.21) 104! 85.2] 59.7 
45 25.8! 105] 86.0] 60.2 
46 26.41} 106] 86.8} 60.8 
47 27.0|| 107] 87,6] 61.4 
48 27.5]} 108] 88.5] 65.9 
49 28 .1|| 10g] 89.3] 62.5 
50 23.7|| 110] go.1] 63.1 
51 29.3} ITI) go.9| 03.7 
52 29.8] T12| 91.7] 64.2 
53 30.4]| 113] 92.6] 64.8 
54 31.0]/ 124} 93.4] 65.4 
55 31.5]| 115] 94.2] 66. 
56 32.1} 116] 95.0] 66. 
57 32.7] 117) 95.8) 67. 
58 33.3|| 113] 96.7] 67. 
59 33 8} 119] 97.5] 68 

60 34-4] 120] 98.3] 68 


Dist| Lat. | Dep.||Dist] Lat. | Dep.||Dist| Lat. |] Dep 
121 99.1, 69.4]| 181/148 stio3 al 2AL|197 .4]138.2 
122] 99.9] 70.0!) 182/149.1|104.4}) 242]198.2|/138.8 
123}100.8} 70.5|| 183]149.9 105.0) 243|199.1|139.4 
124|101.6] 71.1)| 184|150.7 10351 244|19Y.91140.0 
125/102.4] 71.7]| 185/151.5|106.1]| 245|/200.7/140.5 
126|103.2| 72.3]| 186]152.4/106,7|| 246/201.5|f41.1 
127|104.0} 72.8]| 187/153.2/107.3]] 2471202. 3|141.7 
128]1904.9] 73.4|| 188]154.0/107.8]} 248}203.1/142.2 
129|105.7| 74.0] 189)154.8]108 .4]| 249/204.01742.8 
130[106.5] 74.6 TgO}155-6 6/109 .ol] 2501204.8]143.4 
131|107.3] 75.1|| 191 156.5 5|109.6 251|20§.6|144.0 
132|108.1) 75.7/| 192)157.3/L10.1|| 252)200.4|"44.5 
133/108.9] 76.3] 193]158.1/110.7]] 2531207. 2/145 .1 
134}109.3} 76.9]) 194/158.g/L1I.3]] 254/208. 11145 .7 
135|110.6] 77.4]] 195]159.7|111.8]| 255/208.9)140.3 
136|L11.4] 78.0]| 196|160.6/112.4]| 256)209.7/146.8 
137|112.2| 78.6]) 197/161 .4/113.0]] 257|210.51147.4 
138/113.0} 79.2|| 198)162.2)113.6]| 258/211.3]148.0 
139|113.9] 79.7]| 199|163.0|114.1|] 259)212.2|148 6 
T40|114.7] 80.3]} 200]163.8]114.7]| 260]/213.0/149.1 
I41|II5.5] 80.9]| 201/164.6]115.3]| 261/213.8]149.7 
142/116.3) 81.4]! 202]165.5|115.9|| 262/214.6]150.2 
143|117.1| 82.0]| 203/166. 3/116.4]| 263/215 .4/150.9 
T44}118.0} 82.6]} 204|/167.1|117.0}]| 264/216.3/151.4 
145|118.8) 83.2/| 205]/167.9/117.6]| 265/217.1|152.0 
146]119.6) 83.7}| 2060/168.7/118.2]| 266/217.9|152.6 
147|120.4| 84.3]| 207|169.6|118.7]} 267/218. 7|153.1 
148|121.2| 84.9]| 208]170,4]119.3]| 268/219.5|153.7 
149|122.1| 85.5]| 209/171. 2|119.9]| 269|220.4|154.3 
150)122-9] 86.0)) 210]172.0]120.5]) 270|/221.2/154.9_ 
1§1|123.7| 86.6]! a12/172.8/121.0]] 271/222.0]155.4 
1521124.5] 87.2|| 2121173.7|121.6]| 272/222.8/156.0 
153|/125.3! 87.8] 213/174.5|122.2]| 2731223.61156.6 
1§4]120.1) $8.3!) 214|175.3|122.71! 2741224.4/157.2 
1§5|127.0] 88.9]| 215|176.1 123..3| 275)225 .3|157.7 
156|127.8] 89.5|| 216|176.9|123.9]] 276/226. 7/158. 3 
1§7/128.6] go. 1]! 217/177.8|124.5]| 277|226.9|158.9 
15§8|129.4) 90.)) 218]178.6/125.0]] 278/227. aaa 5 
159/130.2] gr.2|| 219|t79.4|125.6|| 279/228. 5|160.0 
LOO|T3I.1 gr. 8]| 220]180.21126.2 280l2 29. 4|160.6 
161|131.9] 92.3|| 221|181.0|126.8)| 281/230, 2|167.2 
162]132.7| 92.9|| 222|181.9]/127.3]] 282/231.9]161.7 
163/133.5] 93.5]| 223|182.7/127.9]| 283/231.8]162, 3 
164}134.3] 94.1|| 224/183.5|128.5]| 284]2 232.6)162.9 
165|135.2| 94.6] 225|184.3/129.1|| 285 233.5 163.5 
166|130.0} 95.2]| 226/185 .1/129.6]| 286/234.3]164.0 
167|136.8] g5%.8]| 227/185 .9]130.2]| 287/235.1|164.6 
76611374] o-4l| aaklz80.81130.8| 286|a%5. gl365.2 
169|133.4} 96.9]| 229]187.6|137.3]} 289]236.7|165 .8 
170|1 39-3] 97.-5]| 230|188.41131.9]] 290/237 .0|166.3 


171j140.1| g8.1]| 231/189. 24132.5]| 291/238.4|166.4 
172/140.9} 98.7|| 232/190.0/133.1]| 292/239.2/167.5 
173|141.7] 99.2|| 233|190.9 rf 6 2931240.0]168 1 | 
174|142.5] 99.8]] 234/191 .71134.2]| 294/240. 8|168 .6 
175|143.4/100.4|| 235|192.5\g@iv. Sl! 295/247 .6)169.2 
176}144.2|100.9]| 236]193.3/135.4]] 296/242.5)169.8 
177|145 .O}101.5|| 2371/194.11135.9]| 297/243.3|170.4 | | 
178|145 .8|102.1]| 238}195.0]136.5]| 298]244.1|170.9 | | 
179}146,6}102,7]| 239/195 .8]137.1|| .2991244.9]171.5 
r8o 147. -4)103.2 _240 196.6 6/137 +7 ¥ aa 172.3 

Dist Dep. Lat. Dist Dep. ‘Lat. Dist] Dep.t Lat. | 

2 


G 


for 55 Degrees, 


52 


nist! Lat. | Dep.iDist| Lat. | Dep.||Dist] Lat. | Dep.||Dist| Lat. | Dep.||Dist] Lat. | Dep. 
241/195 .O|T41.7 


00,8] 00.6) 61 
Or.6} O1.2|| 62 
02.4] O1.8]] 63 
03.2} 02.4] 64 
04.0} 02.9]} 65 
04.9] 03.5|| 66 
05.7| O4.1i| 67 
06,5] 04.7]; 68 
07.3] 05.3)} 69 
08.1] ©5-9]| 70 
08.9} 06.5]/ 71 
09.7| 07.1}! 72 
10.5] 07 6|| 73 
11.3} 08.2/| 74 
12.1] 08.8] 75 
12.9} ©9.4/| 76 
13.8! 10.0)]| 77 
14.6} 10.6]| 78 
15.4) 11.2)) 79 
16.2] I1.8]/ 80 
21} 17.0] 12.3]| 81 
22) 17.8] I2.9]| 82 
23) 18.6] 13.51] 83 
24] 19.4] 14.1]| 84 
25] 20.2] 14.7]] 85 
26121 .0] 15.3]| 86 
27} 21.8) 1§.9]| 87 
28] 22.7] 16.5]| 88 
29] 23.5] 17.0]] 8y 
30| 24.3} 17.6]| go 
25.1] 18.2]| or 
25.9] 18.8]| 92 
260.7| 19.4|| 93 
27+5| 20.0}] 4 
28.3] 20.0]! 95 
29.1}. 21.2i|  g6 
29.9} 21.7 97. 
30.7! 22.3]] 98 
31.6) 22.9/1 99 
32.4] 23.51] 100 
33.2) 24.1]| Tor 
34.0] 24.7|| 102 
34.8] 25.3] 103 
35-6] 25.9|| 104 
36.4) 26.5]1 105 
37 .2| 27.0}| 106 
38.0] 27.6]| 107 
38.8] 28.2] 108 
39.6) 28.8]| 109 
40.5] 29.4|| 110 
4.3) 30.0]| 111 
42.1) 30.6]! 112 
42.9] 33.2] 113 
43-7) 32.7|| 114 
44.5 32.3 Its 
45.3} 32.9|| 116 
46.1) 33.5|| 117 
46.9] 34.1} 118 
47.7| 34.7]| 119 


TABLE HU. 
Difference of Latitude and Departure for 36 Degrees. 


—— 


121 


I38|III, 
139|112 


MaAWONHFS AMO 


i 

ta! 
&» 
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134.1 
114.9 
143)115.7 
ate 
140|TI8.1 
147|118.9 
148/119.7 
T49|120.5 
_I50}T21.4 
1§1|122.2 
obo ae 
153/123. 
154|124.6 
155/125.4 
156|126,2 
1§7|127.0 
158/127.8 
159|128,6 
160;129.4 
161|130. 
162)131. 
163/131. 
eiteikdid 
165/133. 
166/134. 
1671135. 
168/135, 
169/136, 
170|1 37.5 


3 
I 
9 
7 
5 
g 
I 
9 
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CON OHNO HT 


88.8 


171|138.3/100.5 
172|139. 2101.1 
173\140.0]1C1.7 


174|140.8|102 
175/141 .6/ro2. 
176/142.4/103. 
177|143.2|104 
178/144 .,0|104. 
179|144.8]105. 
180/145 .6)105. 


‘ 
9 
5 
.O 
6 
2 
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ee | | | | ff | | | | Se | 
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181|146.4]106. 
182|147.2|107. 
183|148.1/107, 
184/148 .g]108, 
185}149.7(108. 
186|150.5]109. 
187|151.3/109. 
188|152.1|/1T0, 
I6Q|I52.Q/IIT. 


TR MNOOnsTN QAO 


i cy ff nf ef ee | | es ere 


1g1]154. 
192/155. 
193|156. 
194)156.9|114. 
195|157- 
1g6|158. 
197/159.4)115. 
198|160, 
I9g}161 ,O}117, 
200|161 8/117 .6 


6|118.1 
202|163.4|118.7 
203|164.2|/119.3 
204/165 .o]I19.9 
205}165 .8|120.5 
206/166. 7|121.1 
207/167 .5|121.7 
208/168 .3]122.3 
209|169.1|122.8 
210|169.g|123 4 
QII|17O.7{124. 
212171 .5|124. 
213|172.3|125. 
214|173.1/125. 
215|173.9|120. 
216|174.7|127. 
2171075 .6|127, 
218}176, 41128, 
219|177.2|128, 
220]178.0]129. 
2211178.8)/129. 
222\179.6/130. 
223\189. 4/131. 
924|181. 2/131. 
225}182.0]132. 
226/182 ,.8)132. 
2.27|183 61133. 
22%|184.5|034. 
229)185 31134. 
2320\186. 11135. 


Oh COD AO ROS 


201/162. 


Mm tnso Ido <a min Of CON AO 


2 HOB COWm, 


2.31]186.9}135.8 
232/187, 
233 188.5 
2.341189 . 2 
2.35|190. 
236|190.91138.7 
237|191.7 
238]192.5 
239)193 .4|140.5 
240|194.2|141.1 


oe eed 


; 256) 207 


242/195 .8/142.2 
243/196 .6|/142.8 
244/197 .4|143.4 | 
245/198 .21144 .0 

246/199 .0|144.6 
247/199 .8]145.2 
2.48|200,6]145.8 


251|203.1|147.5 
2.52|203.9|143.7 
2531204.7/148.7 
254|205 .5|149.3 

255|206.3/149.9 |B 
-I]T§O.5 | F 
-9/151.1 
258]208,7|151.6 
259)209.5}152.2 
260]210.3|152.8 


2571207 


261/211 .21153.4 th 


262/212,0|154.0 | § 
263}212.8|154.6 | f 


264/213.6]155.2 ff 


265]/214.4|155.8 
266/215 .2/156.4 
2671216,0}156.9 | & 
2681/216,8/157.5 | 

269)217,6|158.1 


270/218.41158.7 


271/219.2|159.3 
2721220.1|159.9 
27 3}220.9|160.5 
274|221,.7/161.1 
275/222, 5/161 .6 
276|223, 3102.2 
.1|162.8 
4.9|163.4 
5 .7|104.0 
5164.6 


7.3|165.2 18 
1165.8 
283}229 .0|166.3 
2841229 .8|166.9 
285|230.6]167.5 
286/231 .4/168.1 1 § 
287|232.21168.7 | 

2881233.0]169.3 | 
289/233 .8/169.9 | 
290|234.6/170°5 | 
291) 235.4/'7F.O 

292|236.2|t71 6 

2931237 .O|172.2 
294/237 .91172.8 
295|238.71173.4 
296/239. 5 
297|240. : 
298)241. 
299|241. 
3001242. 


for 54 Degrees. 


TABLE Ul. 
Difference of Latitude and Departure for 87 Degrees. 


Lat. | Dep.||Dist| Lat. | Dep.|/Dist| Lat. | Dep.||Dist| Lat. | Dep. Dist! Lat. | Dep. 


72.8|| 181/144. Ol] 241/192.5|145. 
182|145. 242/193 .3)145. 
183|146. 243\194.1|146, 
184/146. a44ltg4.gi146, 
245|195-7|147. 
246|196.5|148, 
247/197 - 
248|198. 
249/198. 
250|199, 
251/200 
252|201 .° 
253/202. 
2.54|202. 
255|203- 
256/204, 
2.57|205. 
2.581206, altss. 
259|206.8|155. 
260|207 .6/156. 


261/208 .4/157.1 
2.62|209.2)157-7 
263/210.0/158.3 
264}210.8]158.9 
265/211 .6/159.5 
2.66)212.4|160.1 
267|213.2|160.7 
268/214 .0}161.3 
269/214.8]161.9 | 
_270}215. 6|162.5 
271 216. 4|163.1 
272/217, 2163.7 
2731218 .0|164.3 
274|218.8|164.9 
2751219.6)165.5 
276|220.4|166.1 
2771221 ,2)/166.7 
2781222,0)167.3 
279|222,8}167.9 
_280)223 .6}108.5 | 
aati ol| 281/224. 224.4/169.1 I 
.3/133-6]| 2821225 .2/169.7 
1/34 2)| 283/226. 01170 ,3 
3 134. 8 284/226 .8|170.9 
: ‘ 285,227 .6|271. 
160|132, : ‘ 36. 286|228 4/172. 
1671333. : ‘ 2871229.2|172. 
168|134.2|1C1, : 288 236,01173. 
16y}]135 .O|LCT, : 289|230.8|/173. 
170|3 35 .8|102.3]| 230/183. 290/231 .6)174-5. 
171|136. 291/232. 
172|137. 292/233. 
173|138. 2931234. 
174/139 .C 294)234.8 
175|139.0 295|235.0 
176/140, 296|236, 
177|141. a2 297|237. 
178|142. } alse 2.98|238. 
179|143.0|107.7|| 239|190. 299238 .8/179.9 
130/143.8|108. 300|239.6|180.5 


Dep.| Lat. ||Dist] Dep.} Lat. ||Dist| Dep.| Lat. Dist] Dep.| Lat. 
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for 53 Degrees. 


TABLE II. 
Difference ot Latitude and Departure for 38 Degrees. 


o 
poe 
nm 

ne 


.| Dep.|| Dist} Lat. | Dep.||Dist} Lat. Dep.||Dist| Lat. Dep.||Dist} Lat.} Dep. 


00.6]; 61] 48.1] 37.6] rar ? 181/142.6/111. 
O1.2!| 62] 48.9] 38. ‘ -1]] 182/143.4/112. 
o1.8}]/ 63] 49.6 Z , : 183/144.2/112. 
02.5|} 64) 50.4] 39. : 3|| 184/145 .O]113. 
03.11] 65! 51.2 : 5 ‘ .O}] 185/145 .8/113. 
03.7 52.0 ‘ , .6l] 186/146. 6)114. 
' 52.8 : ; 21! 1871147.4/115. 
53.6} 41. ; 8]] 188/148. 1/115. 

54.4 q A Al] 189}148.g)119, 

55.2 e ‘ ‘ -O}] 190]149. 7117. 
Igi{I50.5|117. 
I92|151. 3/118. 
193|152.1/118. 
T94]152.9]119. 
195]153.7|120. 
196|154.5]120, 
197/155 .2/121. 
198|1§6.0]121, 
199|156.8}122. 
200|157.6)123. 


201|158.4|123. 
202|1§9.2|124. 
2031160 ,O|125. 
204|160 ,8|125. 
205|161,5|126. 
206/162, 3}126. 
207|163,1|127. 
208/163 ,9]128. 
209|164.7/128. 
210|165.5]129. 
211|166, 3/129. 
212/167 .1|130. 
213|167 ,8}131. 
214|168 6/131. 
215|169.4/132. 
216|170, 2/133. 
207|17T 01133. 
218|171.8/134. 
219|172.6/134. 
220|173.4/135. 
221|174.2/136. 
222|174.9]136. 
223/175 .7|137.: 
224|176,51137. 
2251177 .3|138. 
226/178 .11139. 
227|178.9]139. 
2281179.71140.4]} 288)226, 
229|180,5|141.ol| 280|227. 
| 230|181.2/141.6}) 290/228.5 
231|182.0]142.2]] 291/229. 
232|182.8/142.8]] 292/230. 
233|183.6|143.4]] 293/230. 
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7 
3 


242|190.7]149.0 | 
243/191.5|149.6 
244/192. 3)150.2 
245}193-1/150.8 
246/193 .9/151.5 
247|194.6)152,1 
248/195 .4/152.7 
249|190.2/r53.3 
250)197 -O}153 +9 
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252/198.6)155. 
253}199.41155. 
254/200. 2/156. 
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256)201, 
257/202, 


WO CONT On B&D HD H 
OPN HMNOWN HP 


OW UNIO HOMO 
GW AOD CON QOWn 
Minos se BOON A 
Hin COW (NO B OOH 


261|205. 
262/206. 
2.63|207 . 
264)208. 
2651208, 
266)209. 
267|210, 
268)211. 
269}212. 
270|212.61166. 
271}213.6|160, 
2721214. 31167. 
2731215. 11168, 
274}215.9|168. 
275|216.71169. 
276|217.5|169, 
2771218. 31170, 
278j)219.1|171, 
2791219.Q/171. 
280|220.6]172. 
2811221 ..4|173. 
282|222.2|/173. 
283)223 .O]174. 
2841223. 
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234|184.4]144.1]]| 294/231. 

235}185. 295|232. 

290|233.3 

Ql] 297|234.0|182. 

-5|| 298|234.8/183. 

17Q|I4I. Il} 299|235.6/184. 
18O|T41. 8/110. SI]; 300]236.41184. 
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TABLE II. 


Difference of Latitude and Departure for 89 Degrees. 


00.6 61 47.4 
O1.3}/ 62!) 48.2 
OL.Q|| 63] 49.0 
O2.51| 64] 49-7 
03.1}} 65] 50.5 
03.6]| 66) 51.3 
04.4|| 67] 52.1 
05.0]] 68! 52.8 
05.71 69} 53-6 
06.3]/ 70] 54.4 
06.9]] 71] 55.2 
07.6]| 72] 56.0 
08.2|/1 73) 56.7 
08.81] 74; 57-5 
09.4i] 75] 58.3 
10.1] 76] 59.1 
10.7|| 77) 59.8 
II.3}] 73} 60.6 
12.0] 79] 61.4 
12.61} 80} 62.2 
13.21] 81} 62.9 
13.81] 82] 63.7 
14.5][ 83] 64.5 
15.1|| 84] 65.3 
15.7|} 85| 66.7 
16.4]| 86] 66.8 
17.0]] 87] 67.6 
17.6]| 88} 68.4 
18,3|} 89] 69.2 
18.9]| go} 69.9} 
19s 511, 91) 79+7 
20.1|| 92] 71.5 
20.81] 93] 72-3 
21.4/| 94! 73-1 
22.0!) 95| 73.8 
22.7|| 96) 74.6 
23-311 97) 75-4 
23.9]| 98] 76.2 
24.5]} 99] 76.9 
25+2|| 100] 77.7 
25.8]| ror 78.5 
26.4]] 102] 79.3 
27.1)| 103] 80.c 
27.7|| 104} 80.8 
28 .3]| 105]. 81.6 
28 ..9g!| 106} 82.4 
29.04 107] 83.2 
30.2|| 108] 83.9 
30.8]| Tog} 84.7 
31.5|| Tro} 85.5 
32.1|| I11| 86.3 
32.7|| 112} 87.0 
33.4]| 113] 87.8 
34.0]/ 114} 88.6 
34.6]| 115] 89.4 
35.2|| 116] go.1 
35+9}} 117} 90.9 
36.5|| 118] 91.7 
37.1|| 119] 92.5 
37-8]| 120] 93.3 
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TABLE If. 
Difference of Latitude and Departure for 40 Degrees. 


.| Dep.||Dist . | Dep.||Dist .| Dep. Dist| Lat. Dep.||/Dist| Lat. | Dep, 


181}138.7|116.3 
182/139 .4|I117.0 
183/140.2|117.6 
184/141 ,O}118.4 
185/141. Ql] 245)187.71157.5 
186]142.5 6} 246/188 .4]1§8. 4 
187|143. -2|| 247|189.2}158.8 
188|144. SI} 248/190.0/65§9.4 
189j144. 249|190.7|160,1 
250/191 .5|160.7 
251|192.3|161.3 
.0|162, 
8/162, 
.6|163, 
3/103, 
.1|164, 
9/165. 
5 a 65. 
259/198 .4|r66, 
260}199.2|167. 
261/199.9|167.8 
2.62}/200.7|168.4 
263)201.§|109.1 
264|202.2|169.7 
265|203 .0}170.3 
266)203.3|171.0 
267/204. §|171.6 
268]205 .3|172.3 
26y}206 ,1|172.9 
210|160.9]135 -O|| 270]206.8|173.6 
211}161 .6|135.6]| 271|207.6|174.2 
212/162.4)130.3|| 272/208.4}174.8 
2131163 ,2|136.9]| 273/209.1|175.5 
214|163 ,9]137.6|| 274]209.9|176.1 
215|164.71/138.2|| 275]210.7|176.8 
216|165 .5|138.8]| 276}211.4/177 .4 
217/166. 21139 .5|| 277/212.2)178.1 
I58]121, 218]167 .o|140.1}} 278]213.01178.7 
TSQ|121, 219/167 .8|140.8|| 279]/213.7|179.3 
160/122 .6 8} 220)168.5/141.4]] 280]214.5|180.0 
1O1]123.3|103.5|| 221/169. 3|142.1)| 281/215 .3|180.6 
162/124. 1/104.1}} 222/170.1|142.7]| 282/216.0}181.3 
163/124.9]104.8]| 2231170.8]143.3|| 283/216.8]181.9 
164/125 .6|105.4)] 224|171 2841217 .6]182.6 
165]126, 4/100. 1]} 225]172. 285|218.3/183.2 
166/127 .2/106.7|| 226/173. 286}219.1|183.8 
167/127 .9/107.3]) 2271173. 287\219.9|184.5 
168]128 27|108 ,o}] 2281174. 288]220.6]185.1 
169/129 .5|108,6]| 229/175. 289]/221 4/185 .8 
170|130.2|109.3]| 230)776. 290]222.2]186.4 | 
I7T|131.0}109.9]| 231/177. 291|222.9]187.1 
172|133.8]/110.6]| 232/177. 292|223.7|137.7 
173|132.5|I11.2]| 233/178. 293}224.5|188.3 
174/133. 3/111.8]] 234}179.° 294/225 .2}189.0 
175/134.1|112.5]| 235}180. 295}226,.0|189.6 
176)134.8}/113.1|| 2360]180, 296|226.71190.3 
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177|135.6|113.8]] 237/181. 297|227.5|190.9 
178|136,4/114.4|| 233|182 | 298|228 .3|191.6 
179|137.1/115.1]} 239|183.1|153.6)| 299]229.0]192.2 
180|137.Q|I15.7|| 240]183.9|154.3|| 300]229.8)}192.8 | 
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TABLE Il. 27 
Difference of Latitude and Departure for 41 Degrees. 


{Dist} Lat. | Dep.||Dist| Lat. | Dep.||Dist} Lat. | Dep.|/Dist| Lat. Dep.||Dist} Lat. | Dep. 


ee | Oe | | | | | |) | I | | I | | 


1} 00,8] 00.7] 61) 46.0] 40.0}] 121] 91.3] 79.4]/ 181/736.6]118.7]) 241/181 .9]158.1 
2) OF.5| O1.3]| 62] 46.8} 40.7]| 122] 92.1) 80.0]] 182/137.4]119.4]| 242/182.6]158.8 
3] 02.3] 02.0]| 63) 47.5] 41.3]] 123] 92.8) 80.7]) 183]138.1|120.1]| 243/183.4]159.4 
4| 03.0]-02.6]} 64) 48.3} 42.0]| 124] 93.6] 81.4]] 184]138.9/120.7]] 244]/184.11160.1 
5] 03.8] 03.3]] 65] 49.1] 42.6]| 125] 94.3] 82.0] 185]139.6)121.4]] 2451184.9|160.7 
6] 04.5] 03.9]] 66] 49.8) 43.3]] 126] 95.1} 82.7]| 186/140.4]122.01] 246]185.7/161.4 
71 05.3} 04.6]| 67} 50.6) 44.0]] 127] 95.8) 83.3] 187/141.1|122.7]| 247|186.4/162.0 
8} 06.0] 05.2/) 68) 51.3) 44.6]| 128! 96.6) 84.0|] 188]141.9/123.3]] 248]187.21162.7 
g} 06.8] 05.9]] 69} 52.1] 45.3]| 129] 97.4] 84.6]] 189]142.6]124.0]| 249/187.9/163.4 
IO} 07.5] 06.6]/ 70] 52.8] 45.9]] 130] 98.1) 85.3]} Tg0]/T43.4]124.7]| 250/188.7|/164.0 
II] 08.3] 07.2|| 71} 53-6] 46.6)) 131] 98.9] 85.9]] 191|144.11125.3]] 251/189.4]164.7 
12] 09.1] 07.9|| 72] 54.3] 47-2|] 132] 99.6] 86.6]| 192/144.9]126.0]| 252/190.2|/165 .3 
13] 09.8] 08.5]/ 73] 55.1] 47.9]} 133|100.4] 87.3]] 193/145.7|/126.6]| 253|190.9|166.0 
14] 10.6] 09.2] 74] 55.8} 48.5]| 134/101.1] 87.9]/ 194]146.4|127.3]] 254]/191.7|166.6 
15] 11.3] 09.8]| 75} 56.6] 49.2]! 135]101.9] 88.6]] 195/147.21127.9]| 255|192.5|167.3 
16] 12.1] 10.5]} 76] 57.4] 49.9]| 136)102.6] 89.2!| 196/147.9|128.6]| 256/193.2]168.0 
17| 12.8] 11.2]| 77] 58.1] 50.5]] 137|103.4] 89.9]| 197|148.7/129.2|| 257|194.01168.5 
18} 13.6) 11.8]| 78) 58.9] 51.2|| 138/f04.1] 90.5]] 198]149.4]129.9]| 258)194.7|169.3 
19} 14.3} 12.5]] 79} 59.6] 51.8]| 139]104.9] 91.2|] 199]150.2|130.6]] 259/195.5}169.9 
20] 15.1] 13.1|| 80] 60.4] 52.5]1 140]105.7| 91.8]| 200/150.9/131.2]| 260]/196.21170.6 
21] 15.8) 13.8]) 81} 61.1] 53.1]| 1412/106.4] 92.5|| 207]/151.7/131.9]| 261/197.0]171.2 
22| 16.6] 14.4]| 82! 61.9] 53.8]| 142]107.2] 93.2]] 202/152.5/132.5]| 262]197.7|171.9 
23) 17.4) 15-1]| 83} 62.6] 54.5]| 143]107.9] 93-8]] 203]153.2/133.2]| 263/198.5/172.5 
24] 18.1] 15.7|| 84] 63.4] 55.1|| 144/108.7] 94.5] 204/154.0]133.8]| 264/199. 21173.2 
25| 18.9] 16.4]| 85] 64.2] 55.8]; 145]109.4] 95.1]] 205]154.7|134.5|| 265/200.0/173.9 
26) 19.6] 17.1|| 86] 64.9] 56.4]; 146)110.2| 95.8]| 206]155.5/135.1|| 266/200.8]174.5 
27| 20.4) 17.7|} 87] 65.7] 57.1|| 147)110.9] 96.4]] 207]/156.2/135.8]| 267/201.51175.2 
23] 21.1) 18.4]} 88] 66.4] 57.7]| 148/111.7| 97.1|] 208/157.0]136.5|| 268/202.3/175.8 
29} 21.9] 19.0]} 89} 67.2} 58.4]| T4g9]112.5] 97.8]} 209/157.7|137.1|| 269]203.0]176.5 
30] 22.6) 19.7]| go} 67.9] 59.0]| 150]T13.2] 98-4]] 210]158.5]137.8]| 270/203.8/177.1 
31] 23-4] 20.3]} gi] 68.7] 59.7]| 151]/114.0] 99.1]] 211]159.2]138.4]| 271|204.5|177.8 
32] 24.2) 21.0] 92} 69.4] 60.4]] 152/114.7] 99.7|| 212|160.0]139.1|] 272/205. 3)178.4 
33] 24.9) 21.6] 93] 70.2] Or.o}| 153/115 .5|100.4]] 213]160.8]139.7]| 273/206.0/179.1 
34] 25.7) 22.3/] 94] 70.9] 62.7] 154)£16,2/TOL.o]] a14]161.5|140.4|| 274/206.8]179.8 
35} 26.4) 23.0]] 95] 72.7] 62.3]| 155]117.0/10%.7]] 215|162.3/141.1]| 275|207.5|180.4 
36] 27.2) 23.6!) 96} 72.5] 63.0]| 156/117.7/102.3]] 216]163.0]141.7]| 276/208.3/181.1 
37| 27-9] 24.3]| 97] 73.2] 63.6]| 157/118.5)103.0]] 217/163.8]142,4]| 277/209.1/181.7 
38] 28.7) 24.91 98} 74.0] 64.3]] 158/119, 2/103.7]] 218)164.5/143.0]] 278/209.8/182.4 | | 
39] 29.4] 25.6]| 99} 74.7| 64.9]| 159|120.0]104.3]] 219]165.3/143.7]] 279]210.61183.0 | § 
40} 30.2) 26.21] roo] 75.5] 65.6]| 160/120.8]/105.0]| 220]/166.0]144.3]] 280/211. 3]183.7 
41] 30.9} 26.9]| tor] 76.2] 66.3]) 161/121.5|105.6]] 221/166.8]145.0]] 281/212.1/184.4 | 
42| 31.7| 27.6|| 102] 77.0] 66.9]| 162/122. 3]106.3]| 222]167.5/145.6]| 282/212.8)/185.0 
43| 32.5] 28.2|| 103] 77.7] 67.6]] 163/123.0]106.9]| 223/168.3}146.3]] 233/213.6]185.7 
44] 33.2! 28.9|] 104} 78.5] 68.2!) 164)123.8]107.6]| 224/169.1/147.0|] 284/214. 3/186. 3 
45] 34.0] 29.5|] 105] 79.2} 68.9]| 165/124.5]108.2]| 225|169.8/147.6)| 285/215.1]187.0 
46) 34.7] 30.2|| 106] 80.0} 69.5]| 166/125 .3]r08.9]] 226/170.6/148.3]| 286/215 .8}187.6 
47| 35-5] 30.8]| 107] 80.8) 70.2]| 167/126.0]109.6|| 227/172. 3/148.9]| 287|216.6}188.3 
48| 36.2) 31.5|} 108] 81.5] 70.9]] 168]126.2|110.2/| 228]172.1/149.6|] 283)217.4]188.9 
49| 37.0} 32.1|] tog} 82.3] 71.5)| 169]127.5|110.9]| 229]172.8]150.2]| 289/218.1]189.6 
50] 37-7] 32.8]| 110] 83.0} 72.2|] 170/128. 3]111-5]| 230]173-6]150.9]] 290]218.9]190.3 


291|219.6|190.9 | | 


51) 38.5] 33.5|| 111] 83.8] 72.81] 171/129.1]112.2]|| 231/174.3]151.5 
52) 39-2] 34.1] 112] 84.5] 73.5]| 172|129.8]112.8]] 232/175 .1/152.2]| 292/220. 4/191 .6 
53] 40.0] 34.8]| 113] 85.3] 74.1)] 173/130.6]113.5]| 233/175 -8|152.9]| 293/221.1/192.2 
54] 40.8) 35.4]| 114] 86.0} 74.8]} 174/131.3/114.2]| 234|176.6]153.5|] 294]/221.9]192.9 
55] 41.5} 36.1]| 115} 86.8] 75.4]| 175|132.1/114.8]] 235/177-4]154.2]| 2951/222.6]193.5 
56| 42.3] 36.7|| 116] 87.5} 76.1]| 176/132.8/115.5]| 236/178.1/154.8]| 296/223.4]194.2 
57| 43.0] 37.4] 117] 88.3] 76.8]| 177/133.6]176.1|| 237|178.9]155.5]| 297/224.1|194.8 
58| 43.8] 38.1]| 118) 89.1] 77.4]] 178/134. 3|116.8]] 238|179.6]156.1]] 298/224.9]195.5 
59| 44.5] 38.7]] 119} 89.8 ie 179|135.1|117.4]| 239|180.4]156.8]| 299|225.7|196.2 
4 6] 78.7 5 


T80|135.8/118.1|| 240]187T.1]157.5]] 300/226.4]196.8 


_ | | | | S| |] SES SS | | | | | |] | | | I CC 


Dist} Dep.! Lat. || Dist] Dep.| Lat. ||Dist| Dep.| Lat. ||Dist| Dep.}| Lat. |{Dist] Dep.| Lat. 
H for 49 Degrees. 


for 48 Deyrees. 


TABLE II. . 
Difference of Latitude and Departure for 42 Degrees. 
| |Dist| Lat.| Dep.|/Dist| Lat. } Dep.|;Dist| Lat. | Dep.|| Dist) Lat. Dep.| Dist} Lat. Dep. 
1] 00.7] 00.7]| 61] 45.3} 40.8]| raz] 89.9] 8r.o]] 181 [34.5|121.1| 241\179.1|167.3 
a} O1.5| O1.3]| 62] 46.1) 41.5|| 122} 90.7] 81.6) 182)/135. 3)f21.8)) 2421179.8]161.g 
3} 02.2] 02.0]] 63] 46.8) 42.2]| 123] 91.4] 82.3]| 183/130.0)122.5]| 243|180.6|162.6 
4] 03.0] 02.7]} 64) 47.6] 42.8]] 124] 92.1] 83.0]) 184}136.7|123.1) 244|181.3/163.3 
5} 03.7] 03.3]| 65) 48.3! 43.5]| 125] 92.9] 83.6]) 185/137.5]123.8]] 245 182.1/163.9 
6} 04.5] 04.0l] 66! 49:0] 44.2]} 126} 93.6] 34.3]| 186/138.2/124.5]] 246/182 8)164.6 
7 05.2| 04.7|| 67) 49.8) 44.8]] 127] 94.4] 85.c]| 187/139.0/125.1]] 247/183.6]165 .3 
8} 05.9] O5.4]] 68) 50.5] 45.5]} 128] 95.1] 85.6]| 188]139.7|£25.8)| 248}184.31165.9 
gi 06.7; 06.0] Gg} 51.3] 40.2]] 129] 95.9} 86.3]| 189/140.5|120.5]|| 249|185.0/166.6 
to} 07.4] 06.7]| ol 52-0] 46.5]] 130] g6.6} 87.0 _Tgo|T41.2)£27.1 _250|185 . 8/167 .3 
-2| O7.4]| 71] 52.8) 47.51] 131] 97-4] 87.7]| Igr|141. 141.9|127.8, 251 186. 51168.0 
.9} O8.0]] 72) 53.5] 48.21] 132] 98.1) 88.3]} 192/142.7|128.5)| 2521187.3/168.6 
-7| 08.71) 73) 54.2] 48.81] 133! 98.8} 89.0]] 193/143.4/129.1]| 253 188 .0|169.3 
-4| 09.41] 74] 55.0] 49.5]| 134] 99.6) 89.7/| 194/144.2/129.8)! 254/188 .8)170.0 
I.1] TO.O}] 75} 55.7] 50.21] 135/100.3] 90.3] 195}144.9]139.5]| 255|189.5|170.6 
-9! 10.7]| 76) 56.5] 50.9]| 136/101.1} gr.0}] rg6|145.7/131.1|| 250)190.2/171.3 
6] TX.4|! 77| 57.2] 52.5]| 137/101.8] 91.71} 197|146.4]131.8!| 257|191.0]172.0 | 
4) 12.0] 78) 58.0] 52.2]) 136/102.6) 92.3]/ 198/147.1|132.5]] 258/191.7/172.6 
-T] 12.7] 79) 58.7} 52.9] 139]703.3} 93.0]] 199]147.9/133.2/] 259)192.5/173.3 
-9| 13.41] 80) 59.5] 53-5]| L40]TO4.0} 93.7]| 200)148.6/133.8 _205}193 2/174 .0 
5.0] 14.1] 81] 60.2! 54.2]) 141|104.8] 94.3]] 207/149.4|/134.5]| 261/194.0)174.6 
3} 14.7]| 82] 60.9} 54.9]| 142/105.5! 95.0] 202/750. 1135-2) 262|194.7|175 .3 
-1] 15.4]| 832) 62.7] 55.5|| 143|106.3! 95.7]| 203/150. 9'135.8)| 263/195 .4/276.0 
.8| 16.1|] 84) 62.4] §6.2]] 144]107.0] 96.4]] 204)151.6/136.5]] 264|190.2)176.7 
.6] 16.7)| 85) 63.2] 56.9]| 145|107.8] 97.0]] 2051152. 3/137.2|| 265|196.91177.3 
31 17-4]] 86) 63.9] 57.5]| 146|108.5] 97.7]} 200/153.1|137.8)| 260)/197.7|178.0 
-1{ 18.1]! 87] 64.7) 53.2] 147/109.2] 98.4]| 207 153.8/138.5 2671198.4/178.7 
8] 18.7}| 88} 65.4} 58.9]| 148|110.0] 99.0]] 208/154.6)139.2! 268 1y9.2|179.3 
.6| 19.4]| 89] 66.1] 59.6]) 149]110.7] 99.7]1 209/155. 3139.8 269/199. 9180.0 4 
-3| 20-1! 90] 66.9} 60.2} 150/111. 5]100.4)| 210)156. +T/T40.5, +5, 270,200. 6180. 7 
Xe) g1| 67.6) 60.9|| 151|112.2 Tor.o|! 211|/156.8|141.2 2, 271 201.4|181.3 
8 92} 68.4) 61.6]| 152/113.0}101.7|| 212/157.5|141.9]| 272 202.1/182.0 
5 93] 69.1} 62.2]] 153]113.7|102.4]] 213/158. 3)142.5 273 202. 9|182.7 
a g4| 69.9} 62.9)| 154|114.4/103.0}} 214 159.0|143.2 274 203. 6183.3 
ae) 95| 70.6} 63.6]| 155]115.2|103.7]|| 215/159.8143.9]| 275) 204. 4,184.0 
8 96] 71.3] 64.2]| 156]115.9]104.4|| 216|/160.5|144,5 276/205. 1/184.7 
5 g7| 72.1] 64.9]| 157|116.7|105.1]| 217|161.3]145.2 277, 205. 9185.3 
“a g8} 72.8) 65 .6]| 158]217.4]105.7]| 218/162.0/145.9]] 273. '206.6.186.0 
.O 99] 73.6} 66.2]| 159/118.2]106.4]| 219]/162.7/146.5 279 207. 3,186. 7 
é 100| 74-3} 66.9|| 160|118.9|107.1|} 220 163.5|147.2|| 28o'208. 081/187 4 
1OI| 75.1| 67.6|| 161|119.6|107.7|| 221|/164.2|147.9]| 281/208. 68.8.188.0 
102] 75.8] 68.3]] 162|120.4|108.4|| 222/165 .0/148.5|| 282/209.6'188.7 
103| 76.5] 68.9]} 163|121.1|109.1]} 223|165.7|149.2/| 283,2I0. -3|189. 4 
104] 77.3} 69.6]| 164!r21.9]109.7]| 2241166.5|149.9|| 284'arT. T 190.0 
105} 78.0] 70,.3]} 165]122.6/110.4 245 167.2|150.6 285 /arr, 8190.7 
106] 78.8) 70.9]| 106/123.4/T1Z.1)) 226)168.0)151.2]| 286.912.5191. 4 
‘I07| 79.5| 71.6) 167|124.1|111.7 227 168.7|151.9 2871213. 3'192.0 
108} 80.3} 72.3} £68]524.8]112.4]| 228/169.4/152.6]] 288/214,0'192.7 
109] 81.0} 72.9]| 169 oe 6|113.1]| 229/170. 2]153.2|| 289/214.8 193.4 
Tro} 81.7] 73.6}} 170]126.3]113.8}| 230/170.9]153-9 290|21§ +§.194.0 
III] 82.5} 74.3]| 171/127 -1/114.4]] -231]171.7/154.6)) 291/216.3 194.7 
112} 83.2) 74.9]] 1721/127.8/115.1]] 232)172.4|155.2|] 292|217.0195.4 
113) 84.0] 75.6] 173/128.6)115.8]| 233/173.2|155.9 293/217. 7196.1 
114] 84.7| 76.3]] 174|129.3|116.4|| 234/173.9|156.6)| 294/218.5 196.7 
115) 85.05] 77.01 175|130.1|117.11| 235)174.6|/157.2 295/219. 2197.4 
116] 86.2] 77,6!) 176/130.8/117.8]| 236/175.4/157.9 296 220.0198.1 
117| 86.9] 78,3|| t77|131.5|128.4]| 237|876.1|158.6l| 297\220.7,198.7 
I18| 87.7] 79.0}]] 178)132.3/119.1|] 2381176.9)159.3]| 298)221.5'199.4 
119} 88.4) 79.6]| 1791133.0]119.8]| 239]177.6]159.9 299|222. 2,200, 
120} 89.2] 80.3}| 180 133-8 8}120.4]|- 2401178.4|160.6|| 300.222.9 200.7 
Dist Brep. Dep.| Lat. Lat. II Distt Dep. Tat. [Dist] Dep. ‘Lat. || Dist Denil) Lat. 


P 


Difference of Latitude and Departure for 43 Degrees. 


Dist] Lat. | Dep.||Dist 
I] 00.7} 00.7}! 61 

2| O1.5] O1.d]] 62 

3) 02.2) 02.0] 63 

4] 02.9] 02.71] 64 

§] 03-7) 93-4]1 65 

6} 04.4] 04.1}! 66 

7| 05.1] 04.8)]| 67 

8] 05.9] 05.5]]} 68 

g| 06.6} 06,1)| 69 
To] 07.3] 06.8]] 70 
Ii] 08.0} 07.5|] 71 
12] 08.8} 08.2]) 72 
13] 09.5] 08.9]! 73 
14] 10.2] 99.5]| 74 
15] Ir.0] 10.2]] 75 
16] 11.7} I0.9gf} 76 
E79 19.4) “TL.6|). 77 
ro) 13.2}. 12.3/|).78 
19) 3-9) 13-9) 79 
20} 14.6]-13.0]| 80 
QI} r§.4) 14.3}| 81 
22) 16.1] 15.0]] 82 
23] 16.8) 15.7]| 83 
24] 17.6] 16.4]] 84 
25| 18.31 17.0]| 85 
261 19.0] 17.7|] 86 
27| 19.7| 18.4]| 87 
28] 20.5} Ig.1]| 88 
29) 21.21 19.8]| 89 
30] 21.9] 20.5]| yo 
B3| 22.7) 21.11). Ot 
32| 23.4) 21.81) 92 
33| 24.1, 22.5] 93 
34| 24.9] 23.2] 94 
35] 25-0) 23-9), 95 
36| 26.3] 24.6]| 96 
37) 27-1) 25.2) 97 
38| 27.8} 25.9)]| 98 
39} 28.5] 20.6)) 99 
AO] 29.3) 27.31] 100 
| 41} 30.0] 28.0}| Tor 
42] 30.7! 28.6]| 102 
» 43) 31.4) 29.3]) 103 
44| 32.2} 30.0]] 104 
45] 32.9] 30.7]|| 105 
46) 33.6] 31.4|| 106 
47) 34.4] 32.1|| 107 
48] 35.1] 32.7|| 108 
49) 35.8} 33.4]! 109 
50} 36.6] 34.1|| 110 
51] 37-3) 34.8]) 111 
§2] 38.0] 35.5]| 112 

© 53] 39.8| 36.1|| 113 
54) 39.5] 36.8] 114 
55) 49.2) 37.5]| 115 
56) 41.0] 38.2]| 116 
$7} 41.7] 38.9]| 117 
58} 42.4] 39.6]] 118 
$9] 43.1) 40.2] 119 
_ 60) 43.9] 40.g]] 120 


Lat. | Dep.|| Dist ool abled Dist} Lat. 


4I. 
42. 
43. 


44.6 


“Ts BAT OSD COW O 


SON tn COOH BT B~T/1OO2~I O% QO 


TABLE I. 


T21| 88.5{ 82.5 
122} 89.2] 83.2 
123] 90.0} 83.9 
124] 90.7} 84.6 


Ovo nt Oph 


S2 Dvd 


(e2 


1§5|113.4|105, 
156|114.1}106, 
1§7|114.8|107. 
1s$|11§.6|107. 
159}116.3}108, 
I60|117 .O|10g. 
161|117.7|109.8 
162)T18.5|TIO.5 
163/119. 2|1T1.2 
IO4)11g.Q|1I11.8 
165|520.7/112.5 
166121 .4)113.2 
167/122.1/113.9 
168/122.9|/114.6 
169}123.6/115.3 
170|124. 3/115 .9 
I71|125.1,£16.6 
1721125 8/117. 
173|726.5/118. 
174}127.3/118. 
175|128.0]119. 
176|128.7|120. 
177|129.4|120. 
178|130.2/121. 
179|130.9]122, 
T8oj|131.6/12.2. 


. s 
b OHBN OWN 


| 


CoH BT O Wn Ot 


Dist| Dep.| Lat. ||/Dist ‘Dep. ‘Tat. ||Dist Dep.| Lat. || Dist Dep. Lat. ||Dist] Dep. Lat. . . 


H 2 


—_—_— 


181/132. 
182}133. 
18 3|133. 
184/134. 
185|135. 
186}136, 
187/136. 
183]137.5|128. 
189/138 .2/128, 
T90|139.0)/129. 
191/139.7)/130. 
Ig2|140.4/130. 
193|141. 2/131. 
194]141.9/132. 
195|142.6/133. 
196/143. 3/133. 
197|144.1/134, 
193]144.8]135. 
199}745 5/135. 
200/146. 3/136. 


2011147 .O|137.1 


4 
I 
8 
6 


1123. 
124. 
124. 
125. 
3|126. 
o1126, 
8/127. 


BT O SBN OW DOW 


2021.47 .7/137.81 


203|148.5]138.4 
204/149 .2/139.1 
205|/149.9/139.8 
206|}150.7/140.5 
207/151 .4|141.2 
903]152.1/141.9 
209}152.9}142.5 
2TO|1§3.0|143.2 
211/154. 3/143 
212)155 0/144 
213|155 81145 
214|T56.5/145 
215}157.2/146 
216|1§8.0|147 
217|158.71148.0 
218]1§9.4|148.7 
219/160. 2/149 .4 
2.20|160.9|150.0 
221|161.6)150.7 
222\162.4|151.4 
923/163. 1152.1 
22A\163 
2.25|104 


9 
6 
as 
9 
6 
i 


.6/153.4 
226|165.3|154.1 
2.271166 ,0}154.8 
228\166.7|155.5 
229167 .5|18§6.2 
230\168.2/156.9 
231|168 .Qj157- 
232)169.7|158. 
233|170.4/158. 
234/171.1/159. 
2.35|/171.9|160. 
2360|172.6/161, 
237|173~3/1O1. 
2.38|174.1|162., 
239/174 .8/163. 
240|175 .5|163. 


5 
2 
9 
6 
3 
fe) 
6 
3 
Oo 
7 


OO nino pu Ow 


.8/152.8} 


Dep.||Dist Lat.}| Dep. 


2411176.31164.4 
242177 .0]165. 
243/177. 
2441178. 
245|179- 
246/179. 
247|180 61168. 
248/181 .4|109, 
249|182.1|/169. 
250/182,8|170. 
253/183.6|,71.2 
252|184.3|171.9 
253/185 .0|172.5 
254/185 .8]173.2 
255|186.51173.9 
256/187 .2|174.6 
257|188 .Oj175 .3 
258/188 .7|176.0 
2591189.4|176.6 


260/190. 2]177.3 


261|190.g]178. 
262/191 .6/178. 
263|192.3/179. 
264|193.4\18C. 
264/193 .8|180. 
266/194, 51881, 
267/195 3/182. 
2.68|196.0|182, 
269|196.7/183. 


270|197 -5|184.1 
2711198.2|184.8 


2721198 .9]185.5 
273\199.7|186,2 
2741200 ..4|186.9 
275|201 ,1]187.5 


tA COR bw Of IO 


tn COOH tn COM B~I O 


2.76|20T .9|188 2 


27'71202.61188 .9 
2.73}203 .3|189.6 
279|204 .0|190.3 
280|204.8!191.0 
281/205 ..5/191. 
282/206. 2/192. 
283}207 .O|193. 
284]207 .7}193. 
235/208 .4]194. 
286/209. 2]195. 
2871209 9|195. 
283)210.6]196, 
289)211.4/197. 
290|212.1}197. 
291/212.8}198.5 
292)213.6)199.1 
293/214 .31199.8 
294|215 .0}200.5 
295/215 .7|201.2 
296|216.5}201.9 
297/217 .2}202.6 
298/217 .9|223.2 
299|218 .7}293.9 
300/219 «41204 .6 


for 47 Degrees. 


| COM 3 sb ~I ODD OD 


oP 


ee | | | | — | 


B&O NM OH BD D 


HEA Ott OOM 


TABLE II. 


Difference of Latitude and Departure for 44 Degrees. 


1) 
& 
> Oo NM COA B~ 


1@) 
nN 
<O 


al 
©) 
Oo Hpt COH Bw OW YD 


_ 
ney 
Hin COH BxT OW A 


118 
119g 
120 


COOH bY OB OW! 


a COR BWI OOI OOD 


‘ Dep.||Dist Lat. | Dep.||Dist 


170|122. 
171)123.0|118.8]| © 


172|523.7|119. 
173|124.4|120. 
174]125.2/120. 
175|125.Q|121. 


177|127 3/123. 
178|128 ,O|723. 
179|128.8|124. 
180j129.5]125. 


5 
9 
6 
176|126.6]122.3]] 
° 
6 
3 
ro) 


189]136.0 131, 
136.7]1° 
191|137.4|132.7 
192|138.1|133. 

3138 8/134. 


198|142.4 
199]143.1|138. 
200]143.9]138. 


ofa ee 
Onur CnuM On +f 


213 
2.14}1§3.9|148. 


OOM I OB~W OD Aho YM CHP OW O 


922\1§9.7|154.2 
2.23|169.41154.9 
a24}161.1|155.0 
225|161.9|156.3 

162,6]157.0 
227/163 .3|157.7 
2.28|164.0]158.4 
229|164.7|159.1 
230]165 .4|159.8 


Je 
237|170.5|164. 
238|171.2 ey 
239|171.9|166, 

4 172.6|166. 


tO DO WY DO wv 


| | | | | [| ——- | | ———— | — | -— 


| Lat. ||Dist 


Dep.|} Lat. ||Dist| Dep.| Lat. ||Dist} Dep.| Lat. 


Lat. | Dep.||Dist} Lat. | Dep.||Dist} Lat. 


| 


241]173.41167.4 
242|174.1/T68.1 
243|174.8|168.8 

169._ 
2.45|176,2|170,2 
246|177.O|170.9 
247/177.7|171.6 
248)178.4|172.3 
249|179.1|173.0 


250/179 8/1737 


2/78|200 ,o}193.1 J | 
193.8 


232}202 .9|195 .9. 


2831203 .6|196,6 19 


284)204 .3 


288|207 ,21200,1 7 


289|207 .g|200,8 


290]208 .6}207 .5 7 


2.91)209 . 3}202. 1 


292|210.0|202.8 9 
2.931210 .8|203 .5 1 
294|211.5/204.2 


2.98|214.4|207 .0 


2991215 .1]207.7 


300]215 .8]208.4 


— } —_—_—— 


Dist} Dep. 


for 46 Degrees. 


Dep. 


i OO OT le ae 


TABLE UI 61 
Difference of Latitude and Departure for 45 Degrees. 


Lat. | Dep.||Dist| Lat. | Dep.|/Dist| Lat. Dep.||Dist Lat. | Dep.||Dist| Lat. | Dep. 


o 
—s 
n 

Lm 


_— | | | | | ——— | ——_____ | | __ | 


I] 00.7] 00.7]| 61] 43-1] 43.1|| 121] 85.6} 85.6]| 181|128.0]128.0]] 241|170.41170.4 
2) OL.4} O1.4]| 62] 43.8] 43.8] 122) 86.3} 86.3]] 182/128.7|128.7]| 242/171.1|177.1 
3| O2.1| O2.1|| 63) 44.5] 44.5]] 123] 87.0] 87.0]] 183]129.4/129.4]] 243]171.8|171.8 
4} 02.8] 02.8]] 64) 45.3] 45.3]| 124) 87.7] 87.7]| 184]130.1/130.1]| 244)172.5|172.5 
5| 03.5] 03.5|| 65] 46.0] 46.0]] 125} 88.4] 88.4]| 185/130.8]130.8]| 245|/173.21173.2 
6} 04.2} 04.2|| 66) 46.7] 46.7)| 126] 89.1] 89.1]| 186|131.5|131.5|| 246/173.91173.9 
7| 04.9] 04.9]| 67| 47-41 47.4]| 127| 89.8] 89.8]| 187/132.2 132.3] 2491174.7|174.7 
8] 05.7] 05.7|| 68] 48.1] 48.11] 128] 90.5} 90.5]| 188/132.9]132 gi] 248|175.4/175 .4 
g| 06.4) 06.4]! 69] 48.8] 48.8]! 129] 91.2] 91.2)| 189]133.6/133.6]] 249/176.1/176.1 
TO| 07-1} 07.1) 70) 49-5] 49-5]| 130] 91-9] 91-9] 190/134-4]134.4]| 250]176.8/176.8 
11} 07.8] 07.8]/ 71) 50.2) 50.21] 137] 92.6) 92.6]) 191]135.1,135.1]| 2§1|177-5|177-5 
12| 08.5) 08.5j) 72] 50.9} 59.9]| 132] 93.3] 93-3]] 192/135 .8)135.8]] 252/%78.2/178.2 
13} 09.2} 09.2) 73] 51.6) 51.6)! 133} 94.0] 94.0]| 193|136.5|136.5]| 253]178.9|178.9 
14} 09.9] 09.9]| 74] 52-3] 52.3]| 134} 94.8] 94.8]| 194]137.2|137.2]| 254/179.0]179.6 
T5| 10.6} 10.6]} 75) 53-0} 53-9] 135] 95.5] 95-5]] 195|137-9|137.9]| 255/180. 3/180.3 
16} II.3} 11.3|| 76) 53-7] 53-7|| 136] 96.2] 96.2|] 196/138.6)138.6]) 256/181.0)181.0 
17} 12.0] 12.0]| 77| 54.4] 54.4]| 137| 96.9] 96.9]| 197/139-3/139.3]| 257/18%.7|181.7 
18] 12.7} 12.7|| 78] 55.2] 55.21] 138] 97.6] 97.6]| 198]140.0|140.0}| 258]182.4)182.4 
19] 13.4] 13.4]| 79} 55-9] 55-9|| 139] 98.3] 98.3]| 199/140.7|140.7|) 259/183. 1/183 .1 
20) 14-1] 14.1|| 80} $6.6) 56.6]| 140] 99-0] 99.0} 200/T41.4]141.4]] 260]183.8/183.8 
a1| 14.8] 14.8]| 81} 57.3) 57-3]| 14%] 99-7] 99.7|| 201/142.1|142.1|] 261/184.6/184.6 
22| 15.6| 15.6|]| 82] 58.0] 58.0] 142]100.4/100.4]| 202]142.8]/142.8]| 262/185. 3/185.3 
23} 16.3) 16.3]| 83] 58.7| 58.7|| 143|101.1|1OI.1]] 203/F43.5/143.5]| 263|186.0/186.0 
24| 17.0} 17.0|| 84] 59.4] 59.4]| 144]101.8)101.8]] 204|144.2|144.2|| 264/186.7|186.7 
25) 17.7) 17.7|| 85| 60.1| 60.1)| 145|102.5|102.5]] 205]145.0/145.0]| 265)187.4)187.4 
26| 18.4] 18. 86} 60.8] 60.8]} 146|103.2/103.2|| 2060]145.7|145.7|| 266/188.1)188.1 
a7| 19.1| Ig. 87| 61.5) 61.5]| 147|103.9|103.9]} 207|146.4/146.4]| 267|188.3/188.8 
28] 19.8] I9. 88! 62.2] 62.2]| 148]104.7/104.7|| 208 147.1|147.1|| 268)189.5/189.5 
29} 20.5) 20. 89] 62.9} 62.9]] 149]T05.4|105.4|| 209|147.8)147.8]| 269|/190.2/190.2 
30] 21.2] 21 go! 63.6} 63.6]| r50]106.1|106.1]| 210/148.5|148.5]| 270/190.9)190.9 
3i| 21.9] 21.9]| 91} 64.3} 64.3]| 151)106.8/106.8]| 211/149.2/149.2|| 271/191 .6)191.6 
32| 22.6] 22.6]| 92] 65.1) 65.1|| 1§2]107.5|107.5|| 212/149.0/149.9]| 272/192.3/192.3 
33] 23.3] 23-3]| 93] 65.8] 65.8)) 153]108.2/108.2], 2131150.6]150.6]| 273/193.01193.0 
34| 24.0] 24.0]] 94| 66.5) 66.5]| 154)108.9|108.9]] 214/151.3\151.3]| 274|193-7|193.7 
35} 24.7) 24-7|| 95| 67.2) 67.2]| 155|109.6]109.6|| 215|752.0]152.0l] 275/194.51194.5 
36] 25.5] 25.5|| 96] 67.9] 67.9]] 156)110.3/110.3]| 216]152.7/152.7|| 276/195 .2/195.2 
37| 26.2) 26.2]! 97} 68.6) 68.6]) r57/1TT.0]1LT.0}| 217|153.4/153.4|| 277/195 .91195.9 
38| 26.9] 26.9]| 98] 69.3} 69.3]| 158]111.7|111.7|| 2181154.1/154.1|| 278/196. 6/196.6 
39| 27.0] 27.6]| 99] 70.0} 70.0] 159]112.4/112.4]] 219]154.9|154.9]| 279|197.3]197 .3 
40} 28.3] 28.3]| TOO! 70-7] 70.7!! 160}113.1/113.1]| 220|155-61155.6)| 280/198.0]/198.0 
41} 29.0] 29.0)| Ior] 71.4] 71.4|| 161]113.8/113.8]| 221/156.3/156.3]| 281|198.7/198.7 
42) 29.7) 29.7]| 102] 72.1] 72.1/| 162]114.6/114.6]| 222|157.0|157.0]| 282/199.4/199.4 
43} 30-4] 30.4]| 103) 72.8] 72.8]| 163]115.31£15.3]| 223/157.7|157.7]| 2831200.1/200,1 | § 
44) 31.1| 31.1|| 104] 73.5] 73.5)| 164|1T6.0|116.0]| 224]158.41158.4]| 284'200.8)200.8 | | 
45| 31.8) 31.8]| 105] 74.2] 74.2|| 165116.7|116.7]) 225|159.1/159.1|| 285/201. 5|207. 5 
46} 32.5] 32.5|| 106] 75.0] 75.0}] 166)117.4/117.4]| 226]159.8]159.8]| 286/202. 2/202.2 
A7| 33-2] 33-2|) 107 75.7] 75.7|| 167|118.1|118.1]| 227)160.5|160.5]| 287/202.9/202.9 
48} 33.9] 33.9|| 108] 76.4] 76.4]| 168]118.8]118.8|| 228/761. 2/161. 2)| 288/203.6 203.6 
49! 34.6) 34.6]| rog] 77.1] 77.1]! 16g9|119.5/119.5]| 229|16r.g|161.9]) 289/204. 41204.4 
§0] 35-4] 35-4]! 1x0] 77.8] 77.8]] 170]320.2|120.2]| 230|162.6/162.6]| 290/205 .1/208.1 
51] 36.1) 36.1]! 1x1) 78.5] 78.5|| 171|120.9|120.9|| 231|163.3|163.3]| 291/205 .8) 205.8 
52| 36.8 36.8} 112| 79.2| 79-2]| 172|121.6|121.6|| 232|164.0|164.0|) 292/206. 5)200.5 
31 37-5) 37-5)| 1131: 79-9] 79-9] 173|%22.3]122.3]] 233/164.8/164.8]| 293/207.2)207.2 
54} 38.2) 38.2)! 114] 80.6) 80.6]] 174|123.0|123.0)| 234|165.5/165.5)| 294/207.9)/207.9 
55| 38.91 38.9)| 115] 81.3] 81.3] 175|123.7|123.7|| 2351166. 21166.2]| 295 2086/2086 
56) 39.6] 39-6|| 116] 82.0) 82.0) 176]/124.5|124.5]} 236/166.9/166.9]| 246/209. 3/209. 3 
57} 40.3] 40.3] 117] 82.7) 82.7|) 177]125.2|125.2|| 237/167 .6|167 ,6]| 297/210.0/210.0 
§3| 41.0} 41.0|| 118] 83.4] 83.4]| 178|125.9|/125.9|| 238]168. 3/168 .3]} 298/210.7|/210.7 | 
59| 41.7) 41.7|} 119] 84.1] 84.1]} 179|126.6/126.6)| 239|/169.0]169.0}]| 2gy/211.4/211.4 
60] 42.4} 42.4|| 120] 84.9] 84.9]] 180|127.3]127.3]| 240 169.7|169.7)) 300|212.1/212.1 


Dist! Dep.| Lat. ||Dist| Dep.| Lat. || Dist Dep.| Lat. ||Dist Dep.| Lat. Dist Dep. Lat. | 


for 45 Degrees. 


TABLE III. 


MERIDIONAL PARTS. 


TABLE It. 63 


MERIDIONAL PARTS. 


mM | 16°] 17°] 18° | 19° | 20° | 21° | 22°] 23°) 24° | 25°] 26°] 27°) 28°] w | 
© { 973] 1035] Tog8} 1161] 1225 1289} 1354] 1419] 1484] 1550] 1016 a a fe) 
I 974} 1036 1163]-1226] 1290] 1385] 1420) 1485] 1551] 1678] 1685] 1750] 1 
2 975| 1037 I164) 1227] 12g] 1356] 1421] 1486} 1552] 1619} 16%6] 1753] 2 
3.4 976) 1038 1165] 1228) 1292] 1357] 1422] 1487] 1553] 1620] 1687) 1755) 3 
41 977] 1039 1166] 1229] 1293} 1358] 1423] 1488) 1554] 1621] 1638] 1756] 4 
5 978} 1041 1167| 1230] 1295] 1359} 1424] 1490] 1556] 1622| 1689] 1757] 5 
6 | y7g| 1042 1168] 1232] 1296] 1300} 1425] 1491] 1557] 1623] I6go] 1758] 6 
71 g80o} 1043 1169] 1233] 1297] 1361] 1426] 1492] 1558] 1624] i691] 1759] 7 
8 g8i} 1044 1170} 1234] 1298] 1362] 1427] 1493] 1559] 1625] 1693] 1760] & | } 
gy | 982] 1045 TI71|_1235) 1299 1363] 1428 1494) 1560] 1626 og4} 1761! 9 | & 
fe) 983] 1046 1172 1236 1300} 1364] 1430] 1495 “1561 162% “1605 1762] ro 
il 984} 1047 1173] 1237] 1301] 1366] 1431] 1496] 1562] 1629 1696 1764] II 
12} 985} 1048 1174] 1238] 1302] 1367] 1432] 1497| 1563] 1630} 1697] 1765] 12 
13} 986} 1049 1175} 1239] 1303] 1368] 1433] 1498 1564] 1631 1698} 1766} 13 
14 | 987] 1050 1170] 1240] 1304] 1369] 1434] 1499] 1565] 1632] 1699] 1767] 14 


15 988} 1051 1177} 1242] 1305] 1370] 1435] 1500] 1567) 1633] 170c, 1768] 15 
16 | g8y} 1052 1178] 1242] 1306] 1371} 1436] 1502] 1568] 1634] 1701] 1769] 16 
I7 | 990} 1053 T17g} 1243] 1307] 1372] 1437] 1503] 1569] 1635] 1703] 1770] 17 
18 | 991} 1054 118i} 1244] 1308] 1373] 1438] 1504] 1570} 1637] 1704] 1772] 18 
19 |* 993] 1055 1182] 1245] 1310] 1374] 1439] 1505} 1571| 1638] 1705] 1773] 19 
20 | 994] 1056 1183] 1246] 1311] 1375] 1440) 1506] 1572] 1639] 1706] 1774] 20 
21 | 995] 1057 1184] 1248] 1312] 1376] 1441] 1507} 1573] 1640] 1707] 1775] 21 


1185) 1249] 1313] 1377] 1443] 1508] 1574] 1641] 1708] 1776] 22 
1186] 1250} 1314] 1379] 1444] 1509] 1575] 1642] 1709) 1777] 23 
1187] 1251] 1315] 1380] 1445| 1510] 1577| 1643] 1711] 1778] 24 
1188] 1252) 1316] 1381] 1446] 1511] 1578] 1644] 1712] 1780] 25 
118g} 1253] 1317] 1382] 1447] 1513] 1579] 1645] 1713] 17813] 26 
IIgo} 1254] 1318} 1383] 1448] 1514] 1580] 1647] 1714] 1782] 27 
I1g1| 1255} 1319] 1384] 1449} 1515] 1581] 1648] 1715] 1783} 28 
_1192} 1256) 1320] 1385 1450] 1516} 1582 1649] 1716} 1784] 29 


1193} 1257] 1321] 1386] 1451] 1517] 1583] 1650] 1717] 1785] 30 
T1g4} 1258] 1222] 1387] 1452] 1518] 1584] 1651] 1718] 1786] 31 
1195] 1259} 1324] 1388] 1453] 1519] 1585] 1652] 1720] 1787] 32 
11g6| 1260] 1325} 1389] 1455] 1520} 1586] 1653] 1721] 1789] 33 
1198] 1261] 1326] 1390] 1456] 1521] 1588} 1654] 1722] 1790] 34 
1199] 1262) 1327] 1392] 1457] 1522] 1589] 1656] 1723] 1791] 35 
1200] 1264] 1328] 1393] 1458] 1524] 1590] 3657] 1724] 1792] 36 
37 | IO11] 1074 1201| 1265] 1329] 1394] 1459] 1525} 1591] 1658] 1725] 1793] 37 
38 | 1012] 1075 1202] 1266] 1330} 1395] 1460] 1526] 1592] 1659] 1726] 1794] 38 
39 | 1013] 1076 1203) 1267) 1331] 1396] 1461] 1527] 1593] 1660) 1727] 1795] 39 
40 | 1014] 1077 1204] 1268] 1332] 1397| 1462 1528] 1594| 1661 1729] 1797| 40 
4I | Iors}] 1078 1205] 1269] 1333] 1398] 1463} 1529] 1595] 1662] 1730] 1798] 41 
42 | 1016] 1079 1206] 1270] 1334] 1399] 1464] 1530} 1596] 1663] 1731] 1799} 42 
43 | 1018] 1080 1207] 1271] 1335] 1400} 1465] 1531] 1598! 1664] 1732] 1800} 43 
44 | IOLg] 1081 1208] 1272] 1336} 1401] 1467] 1532] 1599] 1666] 1733] 1801] 44 
45 | 1020} 1082 1209] 1273] 1338] 1402] 1463] 1533] 1600] 1667] 1734] 1802] 45 
46 | 1021} 1084 T2TO} 1274] 1339] 1403] 1469] 1535] 1601] 1668} 1735] 1803] 46 
47 { 1022} 1085 T2111] 1275] 1340] 1405] 1470] 1536] 1602] 1669] 1736) 1805] 47 
48 } 1023] 1086 1212] 1276] 1341] 1406] 1471] 1537] 1603] 1670] 1738] 1806] 48 
49 | 1024] 1087 1213] 1277] 1342] 1407] 1472] 1538] 1604] 1678] 1739] 1807] 49 


ee f ff Of SS TS "ek | OS EF | Sf | | | 


50 | 1025] 1088 1215] 1278] 1343] 1408] 1473] 1539] 1605] 1672] 1740] 1808] 50 
51 | 1026] 1089 1216] 1280] 1344] 1409] 1474] 1540] 1606] 1673] 1741] 1809} 51 
52 | 1027] 1090 1217| 1281] 1345] 1410] 1475] 1541] 1608] 1675} 1742] 1810} 52 
53 | 1028] Log 1218] 1282] 1346] 1411] 1476] 1542] 1609] 1676] 1743] 1811] 53 
54 | 1029} 1092 1219] 1283] 1347] 1412] 1477] 1543] 1610] 1677} 1744} 1813] 54 
55 | 1030] 1093 1220} 1284] 1348] 1413] 1479] 1544] 1611] 1678) 1746) 1814) 55 
§6 | 1031] 1094 1221| 1285] 1349] 1414} 1480) 1546] 1612] 1679) 1747; 2825! 56 
57 | 1032] rogs 1222| 1286] 1350] r415} 1481] 1547| 1613] 1680 1748] 1816] 57 
53 | 1033} 1096 1223} 1287| 1352] 1416] 1482) 1548] 1614|1681] 1749] 1817] 58 
59 | 1034] 1097 1224 1288 1353} 1418 1483] 1549] 1615 1750} 1818] 59 


jm 116°] 17° 19° | 20° | 21° | 22° | 23° | 24° | 25° | 26°| 27°] 28° | a 


2% | gg6| 1058 
43.) 997) 1959 
24 | 998] 1060 
25 999] 1061 
26 | 1000} 1063 
27 | 1001] 1064 
23 | 1002] 1065 
29 | 1003} 1066 
30 | 1004] 1067 
3X | 1005] 1068 
32 | 1006] 106g 
33 | 1007] 1070 
34 | 1008] 1071 
35 | 1009] 2072 
36 | IOIO} 1073 


64 TABLE Il... 


MERIDIONAL PARTS. 


40¢| 41°| m 


M | 29° | 30° 31° | 33° | 34°| 35°] 36° | 37° | 38° | 39° 

oO | 1819] 1888} 1958 2100} 2171] 2244] 2318] 2393) 2468] 2545] 2623] 2702] oO 
I | 1821] 18g0] 1959 Q101| 2173] 2246) 2319] 2394) 2470] 2546] 2624]°2703| 1 
2 | 1822] 1891] 1960 2102] 2174] 2247] 2320] 2395] 2471} 2548] 2625] 2704] 2 
3 | 1823] 1892] 1962 2103] 2175] 2248] 2322] 2396] 2472] 2549] 2627| 27061 3 
4 | 1824! 1893] 1963 2104} 2176) 2249} 2323] 2398] 2473] 2550] 2628] 2707] 4 
5 | 1825] 1894] 1964 2105] 2178) 2250) 2324] 2399] 2475] 2551] 2629] 2708] § 
6 | 1826} 1895} 1965 2107] 2179) 2252) 2325] 2400) 2476) 25531 2631] 2770] 6 
4 | 1827] 18a6| 1966 2108] 2180) 2253} 2327] 2401] 2477] 2554] 2632] 2711] 7 
8 | 1829} 1898] 1967 2109] 2181) 2254] 2328} 2403) 2473) 2555] 2633] 2712 8 
g | 1830} 1899] 1969 2110] 2182 §2255] 2329} 2404 2480; 2557 2634] 27141 9 
IO | 1831} Igoo] 1970 2111] 2184} 2257} 2330] 2405] 2481] 2558) 2636] 2715 

Ir | 1832} Igor] 1971 2113} 2185) 2258} 2332] 2406] 2482] 2559] 2637] 2716 

12 | 1833] 1902] 1972 2114] 2186) 2259] 2333] 2408] 2484; 2560) 2638) 2718 

13 | 1834] 1903] 1973 2115] 2187} 2260} 2334] 2409] 2485} 2562] 2640) 2710 

14 | 1835] 1905} 1974 2116} 2188) 2261] 2335] 2410] 2436) 2563! 2641] 2720 

15 | 1837] Igo6} 1974 2117] 2190] 2263] 2337] 2413] 2487] 2564] 2642] 2722 

16 | 1838] 1907] 1977 211g] 2191} 2264] 2338] 2413] 2489] 2566) 2644! 2723 

17 | 1839] 1908] 19738 2120} 2192] 2265) 2339] 2414] 2490] 2567] 2645] 2724 

18 | 1840) Ig09g} 1979 2121] 2193] 2266} 2340) 2415] 2491] 2568) 2646] 2726 

19 | 1841] 1910} 1980 2122] 2194] 2268] 2342| 2416] 2492] 2569) 2648 2727 

20 | 1842] Ig12} 1981 2123) 2196] 2269] 2343] 2418] 2494] 2571] 2649] 2728 

21 } 1843] 1913] 1983 2125] 2197| 2270) 2344) 2419] 2495] 2572} 2650) 2729 

22 | 1845] 1914] 1984 2126) 2198] 2271] 2345] 2420] 2496) 2573] 2651] 2731 

23 | 1846] I915] 1985 2127| 2199] 2272) 2346] 2422] 2498) 2575] 2653) 2732 

24 | 1847] 1916) 1986 2128] 2200] 2274] 2348] 2423] 2499] 2576) 2654] 2733 

25 | 1848] 1917} 1987 2129] 2202] 2275] 2349] 2424] 2500} 2577) 2655]. 2735 

26 | 1849 1918 1988 2131| 2203] 2276) 2350] 2425] 2501} 2578) 2657] 2736 

27 | 1850] 1920] 1990 2132) 2204] 2277] 2351| 2427] 2503] 2580) 2658] 2737 

28 | 1852} 1921] Igg1 2133] 2205] 2279] 2353] 2428] 2504] 2581] 2659] 2739 
29 | 1853] 1922} 1992 2134] 2207] 2280} 2354] 2429] 2505] 2582] 2661) 2740 
30 | 1854] 1923] 1993 2281| 2355] 2430] 2506] 2584) 2662] 2742 

31 | 1855] 1924] 1994 2282) 2356] 2432] 2508] 2585) 2663] 2743 
32-| 1855] 1925] 1995 2283} 2358] 2433] 2509] 2586] 2665) 2744 

33 | 1857] 1927] 1997 2285] 2359] 2434] 2510] 2588] 2666] 2746 
34 | 1858] 1928] 1998 | 2286] 2360] 2435] 2512] 2589] 2667] 2747 

35 | 1860] 1929] 1999 2287| 2361) 2437] 2513] 2590) 2669} 2748 
36 | 1861] 1930] 2000 2.288] 2363] 2438] 2514] 2591] 2670] 2750 
37 | 1862] 1931) 2007 2290] 2364] 2439] 2515] 2593| 2671] 2751 

38 | 1863] 1932] 2002 3 2291} 2365) 2440] 2517] 2594] 26731 2752 
39 | 1864] 1934] 2004 2292) 2366} 2442] 2518] 2595] 2674] 2754 
40 | 1865] 1935] 2005 2293) 2368) 2443] 2519] 2597| 2675] 2755 

AI | 1866] 1936] 2006 2295] 2369] 2444] 2521] 2598] 2676} 2756 
42 | 1868] 1937] 2007 229b| 2370] 2445| 2522] 2599] 2678] 2758 
43 | 1869} 1938] 2008 2297| 2371] 2447] 2523] 2601) 2679] 2759 
44 | 1870] 1939] 2010 2298] 2373] 2448] 2524] 2602} 2680} 2760 
45 | 1871] 1941] 2011 2299] 2374) 2449] 2526] 2603] 2682) 2762 
46 | 1872] 1942] 2012 23011 2375} 2451] 2527] 2604) 2683) 2763 
47 | 1873] 1943] 2013 2302] 2376] 2452] 2528] 2606] 2684] 2764 
48 | 1875) 1944] 2014 2303] 2378] 2453] 2530] 2607] 2686, 2766 

_49 | 1876) 1945] 2015 2304| 2379] 2454] 2531| 2608] 2687] 2767 
5° | 1877] 1946] 2017 2306] 2380} 2456] 2532] 2610] 2688} 2768 

5I | 1878] 1948] 2018 2307| 2381) 2457] 2533] 2611] 2690] 2770 
52 | 1879] 1949} 2019 2308) 2383] 2458] 2535! 2612] 2691] 2771 

53 | 1880] 1950] 2020 2309] 23841 2459] 2530] 2614) 2692) 2772 

54 | 1881] 1951] 2021 2311] 2385] 2461] 2537] 2615] 2694) 2774 

55 | 1883] 1952] 2022 2312] 2386] 2462] 2538] 2616) 2695] 2775 

56 | 1884! 1953] 2024 2313} 2388] 2463] 2540] 2617) 2696} 2776 
57 | 1885] 1955} 2025 2314] 2389] 2464] 2541] 2619} 2698) 2778 
58 | 1886] 1956} 2026} 2 2316] 2390] 2466) 2542] 2620) 2699] 2779 
59 | 1887] 1957] 2027 2317) 2391| 2.467) 2544] 2621] 2700) 2780 
M | 29°} 30°| 31°} 32° 35° | 36° | 37° | 38° | 39° | 40°45 41° 


TABLE [IL 


MERIDIONAL PARTS. 


46° | '47° | 48° | '49° | 50° | 51° 
2932 2863 2946] 3030] 3116) 3203) 3292] 3382] 3474] 3569] 2 

2783} 2864) 2947] 3031] 3217] 3204] 3293] 3384] 3476] 3570 

2784] 2866} 2949] 3033] 3118) 3206) 3295) 3385] 3478] 3572 

2786) 2867] 2950] 3034] 3120] 3207) 3296) 3387) 3479] 3574 

2787) 2869] 2951} 3036] 3121} 3209] 3298) 3388] 3481] 3575] - 

: 3123] 3210] 3299} 3390] 3482) 3577 
2790) 2871} 2954] 3038] 3124] 3212] 3301] 3391| 3484] 3578 
2791) 2873] 2956] 3040] 3126} 3213) 3302} 3393) 3485] 3580 
2792} 2874) 2957| 3041} 3127] 3214} 3303] 3394] 3487) 3582 
2794| 2875) 2958) 2043] 3129] 3216) 3305} 3396) 3488) 3583) ; 

10 | 2795] 2877] 2960) 3044] 3130 3217] 3306) 3397] 3490) 3585 
It } 2797} 2878] 2961] 3046] 3131] 3219] 3308) 3399] 3492] 3586] : 
12 | 2798} 2880] 2963] 3047] 3133] 3220] 3309) 3400] 3493] 3588] 3 
13 | 2799] 2881] 2964] 3048} 3134] 3222] 3311] 3402] 3495] 3590 
14 | 2801] 2882] 2965] 3050] 3136] 3223] 3312] 3403) 3496] 35g1| 3 
4] 15 [ 2802] 2884] 2967] 3051} 3137] 3225} 3314; 3405! 3498! 3593 
F} 16 | 2803} 2885] 2968) 3053) 3139] 3226] 3316] 3407] 3499) 3594 
Hh} 17 | 2805] 2886] 297¢) 3054] 3140] 3228] 3317] 3408] 3501] 3596 
18 | 2806} 2888] 2971} 3055) 3142] 3229] 3319] 3410] 3503] 3598 

19 | 2807] 2889] 2972] 3057] 3143] 3231) 3320] 3421] 3504} 3599] 

20 | 2809] 2891| 2974] 3058] 3144] 3232] 3322] 3413] 3506] 3601 

21 | 2810} 2892] 2975} 3060) 3146] 3234] 33231 3414] 3507| 3602 

22 | 2811} 2893] 2976} 3061] 3147] 3235] 3325} 3416 3509 3604 

23 | 2813) 2895) 2978] 3063) 3149] 32371 3326] 3417] 3510] -3606 

24 | 2814] 2896] 2979] 3064] 3150] 3238] 3328] 3419] 3512] 3607 

25 | 2815] 2897) 2931] 3065) 3152] 3240] 3329] 3420] 3514} 3609) 3 

26 | 2817] 2899] 2982] 3067) 3153] 3241] 3332] 3422] 3515] 3610 

27 | 2818] 2900] 2983] 3068] 3155] 32421 3332] 3423) 3517| 3612] : 

28. | 2820] 2902] 2985] 3070] 3156] 3244] 3334) 3425| 3518) 3614 

2g | 2821] 2903] 2986) 3073) 3157] 3245] 3335] 3427] 3520] 3015 


—_—_—— ———— —__ | —_————. eee AES) | et OOS PE Eg) POA) EO) a reed 
rf a ——. —_—____ ——— 


4 | 3° | 2822] 2904} 2988) 3073) 3159] 3247] 3337) 3428] 3521) 3617 

4} 31 | 2824] 2906} 2989] 3074] 3160] 3248] 3338] 3430] 3523] 3618 

32 | 2825] 2907) 2991] 3075] 3162] 3250} 3340] 3431] 3525] 3620 

33 | 2826} 2908] 2992] 3077] 3163] 3251) 3341) 3433] 3520} 3622 

3343) 3434] 3528] 3623) : 

3344| 3436] 3529] 3625 

3346] 3437] 3531] 3626) : 

3347| 3439] 3532) 3628} ; 

3349] 3440) 3534] 3630 
3350} 3442] 3536] 3631 

3352] 3443| 3537} 3633 

3353] 3448] 3539} 3634 

42 | 2839] 2921] 3005) 3090] 3176] 3265] 3355! 3447} 3540) 3636 


x 
ih 
bo 
° 
iN 
Co 
re) 
ip 
AN 
oO 
of 
on 
2) 


PT Pe OT EE 
DOD OOM Amb HP HO 
vn 
~ 
Cc 
co 
np 
oo 
~~ 
{e) 
yn 
Neo} 
tin 
LSS) 
ie) 
e) 
Les) 
~s 


3356] 3448] 3542] 3638] 37: 
3358] 345°} 3543] 3639] ; 
3359] 3451} 3545] 3641 
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SUN’S DECLINATION for the Years 1828, 1832, 1836, 1840, &c. 
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CoG LO. pn! Oo 4ASON PAA SO WILT nl OMA Os TO 8] Wr Oy ee 
rt |23. 4}t7 18/7 28 | 4 39/115 9/22 6123 7/17 59/8 13. | 3 17/14 32/21 52] 1 
2122 59107 117 5 | 5. BIS 27/22 14/23. 317 4417 SE | 3 4014 Sijaz 1) 2 
3 |22 54]16 43/6 42 | 5 25/15 45]2% 2tla2 58/17 2917 29 | 4 3II5 10/22 10] 3 
4 122 48116 2616 19 | 5 48/16 2/22 28/22 53/17 1317 7 | 4 2615 28/22 18) 4 
§ |22 42/16 8}5 56 6 TO|16 19]22 35/22 47/16 56/6 45 | 4 50,15 47/22 26] 5 
6 2% 35115 5015 33. | 6 33/16 36/22 41/22 42/16 40/6 22 | § 13/16 5/22 33] 6 
7 122 28/15 31/5 IO | G 56/16 53/22 47/22 35/16 2316 O | 5 36)16 22/22 go} 7 
8 j22 21/15 13/4 46 | 7 18117 9/22 53/22 29116 6/5 37 | 5 S5y9l16 goj2a 46} 8 
g |22 13114 54/4 23 | 7 41/17 25/22 58/22 21/15 49/5 15 | 6 22/16 57/22 52) 9 
10-|22 4/14 34/359 | 8. 3/E7 Atj23 3/22 T4it5 33/4 52] © 44/07 14/22 58) 10 
Ir |r 55114 1513 36°] 8 25/27 57/23 7/22 4115 1444 29 | 7 717 31/23 3) 11 
12 |20 46|13 §5/3 12 | 8 47/18 12/23 rilar 58|14 5614 6 | 7 3017 47/23 7| 12 
13 |2t 36/13 35/2 49 | 9 8{18 271/23 r4]21 4q\t4 38/3 43 | 7 5218 3/23 11] 13 
14 [21 260/13 15/2 25 |. 9 30/18 41/23 17/2f 40/14 19/3 20 | 8 15.18 19/23 15] 14 
T5 [21 15/2 55/2 1 | g 52/18 56/23 20/ar 31/14 12 57 | 8 37\18 34/23 18) 15 
16 |2I 4ft2 34]1 38 10 13/19 10/23 22/21 21/13 42/2 34 | 8 59118 50/23 21| 16 
17 |20 53/12 13/I 14 |1O 34/19 23/23 24/2r LIj13 22/2 TE | g 21/19 4/23 23] 17 
18 |20 41|/TI 52/0 50 {10 55/19 36/23 26/21 1/13 311 47 | 9 43/19 19|23 25| 18 
19 |20 29/1 31/0 26 |II 16/19 49|23 27/20 5O|E2 44/I 24 10 5\19 33/23 26} 19 
20 {20 16|11 1olo ZS |r 36/20 2/23 27/20 3q]/12 24/1 I |10 2619 40/23 27) 20 __ 
21 {20 4{10 48jo 21 NII1 §7/20 14)23 28/20 27/12 4]0 37 |10 48/20 0/23 28) 21 
22 |19 50/10 2710 45 |12 17/20 26/23 27/20 16/11 44lo T4N]1r 9/20 13/23 27] 22 
23 |g 36110 Sir 8 |L2 37/20 38/23 27/20 3\iI 2310 QS fir 30/20 25/23 27) 23 
24 |19 22] 9 43] 32 |12 57/20 49/23 26]19 5I/II 3/0 33 |i §1/20 38123 26] 24 
25 |19 8| 9 21/1 55 |13 16)21 0/23 24/19 38/10 42i0 56 |12 12/20 49|23 24] 25 
26 |18 53) 8 58/2 19 |13 36/21 10/23 22/19 25/10 21/1 20 |12 32/21 1/23 22) 26 
27 118 38] 8 3612 42 113 55/21 23/23 20/19 12/10 O|f 43 [12 §3/21 12/23 20] 27 
28 {18 23] 8 14/3 6 {14 14/21 30/23 18]18 58] 9 39/2 6 13 13/21 23/23 17| 28 
29 {18 71 7 5113 29 {14 33/21 40/23 14118 44] 9 18/2 30 {13 33/21 33/23 14] 29 
30 117 51 3.52 I14 51/21 49/23 1118 29] 8 57/2 53 {13 53/21 44123 10} 30 
Zr |l7 34 4 16 21 57 18 14 8 35 14 12 1235} 2% 

: TABLE XI. To CORRECT THE SUN’S DECLINATION. 
When Declin. § add in W. Long. W hen Declin. § sub. in W. Long. Q 
is increasing, ? sub. in E. Long. is deeb: > add in F. Long. ¢ 


SUN’S DECLINATION, 


Long. 9). O], Of sO eect Seek OF STOLL 0) OL Sim Mt OP OOy OL el oF 112 Long 
. o| 1] 2) 3} 4] 5} 6} 7) 8) glrojrz}r2i13i14)15]16/17/18}19)20/21|}22}23)234 

°O HASHES PE OL LER PAD PLE FOL? A oRad Eee 0: LeU RE oO ee AA OP kee OM A ae Ova 
Io | 1] 3 rf} a] a] xf a} 1} a} a] x] a} x! a} Xr} x} I] O} of of of Of] of OJ oO 10 
20 {| 1] 1| x{-3] tl x} x} x] a} x} ata} a) af-t{ x} a} af a] a] a] t} 0] of o 20 
30 | 21 2) 2] al 2) 2} ala} a} al a} 2] 2) 2) 2) a) a} af} xl a) a} x} al ro 30 
40. | 3} 3} 3] 3} 3] 3) 3} 2) 21 af 2] 2} 2) 2! 2] 2) 2) 2} 2} 2] x} a] a] ao 40 
5° | 3) 3} 3) 3) 3} 3} 3] 3} 3) 3) 3) 3} 3) 3) 3) 3) 3 2 2) 2) 2) a) 1] qo 5° 
_$0_| 4| 4.4 4) 4) 4] 4).4) 4) a} 4/4] 3}-3/_3/_3) 3) 3} 31/2) 2] 9} 2] 3] 0 | 60. 
72 | 5) 5} 5] 5} 5] 4] 4} 4] 4} 4} 4} 4] 4} 4} 4] a} 3] 3) 3] 3] 2! 2] 2) a1 0] = 70 
80 | 5] 51 5} 5} 5} 5} 5} 5] 5} 5] 5] 5] 5! 4} 4] 4) 4] 4] 3] 3] 3] 2} 2} t} 0} Bo 
go | 6] 6) 6] 6) 6 6} 6} 6 6! 6} 5] 51 5] 5} 5] 5] 4] 41 4] 4] 3} 3] 2] a] 0 go 
100 | 7| 7| 6] 6] 6) 6] 6} 6} 6| 6} 6 6} 6) 6 5] 5] 5] 51 4} 4} 4] 3] 2] 11 Oo | 00 
emo 1 2) 2h 2h Bl 2) 2h al at 7} 7} a} 1 6) OF & & 5) 5} 5} 4) 4) 3) 3) 210 ITO 
120 | 8 8) 3 8, 8} 81 7) 7] 717i 71 7) 7! 6) 6] 6 6} 5] 5] 4} 4) 3] 2} 0 | 120 
130 9} 8) 8} 8) 8) 8) 8 8) 8) 8) 8) 8! 7] 7) 71 7] 6 6 6 5} 5} 4) 3) 2] 0 130 
140 | 9} 9 9) 9] 9 OF 9} 9} 9 9} 8} 8) 8 8) 7 7) 7 6 6 6 5) 4) 3) 2} 0] T40 
159 |LO}LO}TO}LoO}To To}rO} 9} g} 9g} 9} 9] 9} 8} 8} 8] 7) 7] 6 6 5} 5] 4) 2} O | 150 
160 |LO}LO|TO}10}10 ro] 1010} 10} 19]ro| 9g] 9] 9} 9] 8} 8! 7} 7} 6 4} 5} 4) 2} 0] 160 
T7O [LUTUTILL TIAL 1{LL]10} 10} 10}tclrojro} g} 9} 9} 8} 8} 7] 7] 6} 5] 4) 2} o | 370 
180 |ra{ralre{ralr2 ralreiralrt}rrjei{rrirolzolrol g| 9} 8! 81 7] 6] s! 4] 21 0 | 180 


TABLE X. 71 
SUN S DECLINATION for the Years 1829, 1833, 1837, 1841, &c. 


a Jan. | Feb. | March | April| May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.| & 
Q_|South| South] South |North|North|North| North| North} North | South|South|South| & 
ON Od tO a OPP Oie t1Oe hl Orv tl Oo co Bee OME CoO rs |. 
I 23 WI7 517 34 | 4 33/15 5/22 4/23 8118 3/8 18 | 3 rnltg 27lar sc] 1 
2% |22 §5)16 48/7 11 | 4 56/15 23/22 12123 4i17 48/7 57 | 3 34124 4Olar so] 2 
3 |2% 50/16 30/6 48 | 5 1915 41/22 19/22 59/17 3217 35 3 58115 5/22 8] 3 
4 |22 44/16 12/6 25 | 5 42115 58/22 27/22 54/17 17/7 12 4 21/15 24/22 16] 4 
5 |22 37/15 $416 2 | 6 5]16 1522 33/22 49/17 016 so | 4 gales 42/22 24] 5 


——<<$—— SN 


22 30/15 36/5 38 | 6 28/16 32)22 4ola2 43/16 44/6 28 | 5 7/16 ol22 31 
22 22/15 17/5 15 | 6 50/16 49]22 46/22 37/16 2716 5 | 5 30\16 18|22 38). 
22 15/14 5814 52 | 7 13|17 $/22 51/22 30/16 Iols 43 3116 36/22 45 
22 614 39/4 28 | 7 35/17 22/22 57/22 23115 5315 20 16 53/22 51 
21 $7/14 19/4 5 |_7 $7/17_ 37/23 1/22 16/15 3614 58 17 10/22 56} 10 


5 

6 16 

iid bk 6 39 
II |2t 48/14 0/3 qt | 8 20/17 53/23 622 815 1814 35 | 7 al17 27/23 1] 11 
8 724117 43/23 6| 12 
7 47 
9 
8 31 


ow oN oO 
Oo CONF OD 


Lal 


12 [21 38}]13 40/3 18 41/18 8/23 roj22 oOlf5 Ol4 12 
13 [20 28/13 20/2 54 | 9 3]18 23/23 r3]ar 51/4 42/3 49 17 59/23 10] 13 
14 |21 18/13 Oj2 31 | 9 25|18 38123 r7lar 43/14 24|3 26 18 15/23 14| 14 
15 [27 7/13 39/2 97 | 9 40/18 52/23 rolar 33/14 5133 18 31/23 17] 15 


| | LE YE 
—_—_ 


16 |20 56/12 18]1 43 |Io 81g 6/23 22/21 24/13 46/2 4o 8 54/18 46|23. 20) 16 
17 |20 44/11 57/1 20 |10 29/19 20/23 24/ar 14/13 27/2 16 | 9 1619 1/23 23] 17 
18 |20 32/11 36j0 56 |10 50/19 33/23 25/21 3113 Bix 53 | 9 38/19 15/23 25| 18 
19 |20 IG/II IS]o 32 |11 1/19 46/23 27/20 53112 48lr 30 | 9 59/19 29/23 26] 19 
20 [20 7/10 54/0 8S IIT 31/19 59/23 27/20 galr2 29]r 7 {10 21|1g 43/23 27] 20 


SS) a ey enn eee 
|. iene 


| | ef | | | 


21 19 §3|10 3210 15 Nj11 52/20 11/23 28120 3olr2 glo 43 |10 42/19 56/23 27| 21 
22 {19 40}IO 10/0 3g |12 12/20 23/23 27/20 Ig]/IT 4glo 2ON |1r 4/20 10/23 28] 22 
23 |Ig 26) 9 48]r 2 |12 32/20 35/23 27120 Oli 2glo 4S |11 25/20 22/23 27] 23 
24 |19 12} 9 20/t 26 |12 §2/20 46/23 26\19 54}tz Blo 27 1x 46/20 35]23 26) 24 
25 18 57 9 4/1 50 [£3 12/20 57/23 25/19 41/10 47]0 50 {12 7/20 47/23 25] 25 


nf en fe 


26 [18 42) 8 42/213 |13 3tlar 8)23 23lrg 28/10 27] 34 [12 27/20 58/23 23] 26 
27.118 26] 8 19/2 37 {13 50j2r 18/23 21|19 15|10 Olr 37 I|12 4821 9|23 21] 27 
28 [18 11] 7 56/3 O |14 Qian 28/23 18/19 1] 9 44la2 zr [rz 8lar 20/23 18) 28 


29 117 55 3 23 |14 28/21 37/23 15]18 47) 9 2312 24 (13 28/21 30/23 14] 29 
30 117 38 3.47 114 46/21 47/23 12/13 33) 9 2/2 48 |13 48 21 40}23 T1| 30 
1 “30 \t7 22 4 10 21 55 18 18] & 4o 14° 8 23. Oe ae 


| TABLE XI. TO CORRECT THE SUN’S DECLINATION. 


When Declin. § add in W. Long. When Declin. § sub. in W. Long. ) 
is increasing, 2 sub. in E. Long. is decreasing, 2 add in E. Long. § 
SUN’S DECLINATION, 


Long. | ° O}| O| Oj Of CF CO] GQ LT OF Of OG; Of OC] O| GO| Of OC} OF OC} OC} OC} OC] O Long. 
fo) 2) 3) 4} 5} 6} 7} 8) gfrojr}t2|13i14}15]16)17/18|19}20)21/22/23/233 
° : ) 
10 Io 
20 20 
30 30 
40 40 
ie ‘ 5° 
60 : an 60 
79 | 5} 5) 5} 5} 5) 4 4) 4 4) 4) 4t 4) 4) 4) 4) 4} 3) 3) 3) 3) 2) 2) 2) T° 7° 
80 | 5} 5} 5] 5} S| 5} 5] 5} 5} 5] 5} 5} 5] 4} 4) 4] 4} 4] 3) 3] 3] 2) 2) ry] 0] | 80 
go | 6] 6| 6) 6) 6) 6} 6 6} 6 6) 5} s! 5] 5} 5] 5] 4] 4) 4] 4] 3] 3} 2} 1] 0° go 
100 | 7| 7| 6) 6] 6) 6} 6! 6} 6 6} 6) 6) 6} 6) 5} 5] 5} 5) 4) 4] 4} 3] 2) 1] 9 | 00 
110 || 7] 7/7] 71 71 71-7. 71 71 71 7) OF 6} 6] OF 6) 5] 5) 5] 4] 4) 3] 3) 11 O] =ITo0 
120 | 8| 8| 8! 8) 8) 8! 8 7} 71-7] 7] 7) 7| 714 6 4 95] 5] 4] 4] 3] 2] 0 | 120 " 
130 | g| 8] 8} 8} 8 8] 8 8 8} 8} 8) 8] 7} 71 7 7] 6 6 4 51 5] 4] 3) 2} .0.] 130 
140 9} 9} 9} 91 9) 9] 8] 8! 8! 8] 7) 7] 7} 6 4 6] 5] 4) 3] 21 oO | x40 
150 Jrolrolrolrolrolro}ro} 9} 9} 9] 9} 9) 9] 8] 8} 8} 7 7} 4 6] 5] 5) 4) 2,0 | 150 
169 |ro|ro|ro}ro}rojro}ro}1o}10}10]r0} 9} 9} 9} 9} 8} 8} 7] 7} 4} 6} 5) 4] 2} oO |+ 160 
170 rfrafeleritfesioliclioltclrfc| ol 9] 9) #217] 434) 2] 170 
180 |12\12|12)talralralrz{rzirziz1}ri{r1lrolrojro} 9} 9] 8l 8! 7} 6] s! 4} 2) 0 180 


dn nh oO ae ti MEET A 


42 | TABLE X. 
SUN’S DECLINATION for the Years 1830, 1834, 1838, 1842, &c. 
Jan. | Feb. | March | April| May | June | July | Aug. | Sept. | Oct. | Nov, | Dee. 


m n 
> > 
rs South| South} South |North| North|North|North|North| North | South] south] South A 


“Se Tio wo tio. .|.0 vhost lho. 270). 1U0.;. dau? Gil) suum ween Wee 
I |23. 2l7 0917 39 1:4 285 of22 2/23 g/18 7/8 24 | 3 5]14 22jar 4] I 
2 |22.57)16. 52/7 16 | 4 $115 18/22 10/23 5/17 5218 2 | 3 2agi4 q2ja1 57]. 2 
3 {22.51/16 34/6 53 | 5 T4]t5 30)22 18/23 o117 36/7 go | 3 52/15 O22 6] 3 
4 |22.45]16.17/6 30 | 5 37/15 54/22 25)22 55/17 20/7 18 4 15/15 '19|22 14] 4 
5 |22 39/15 | 5816 7 5 59116. 11]22 32/22 59|17 416 56 | 4 38|15 38]22 22] 5 
6 |22 32115 40/5 44 | 6 22110, 28/22 38122 44|16 4816 33 | 5 3/15 50/22 29] 6 
9 122 241152215 22 6 45\16 45/22 44}22 38/16 31/6 11 5 25116 14/22 36} 7 
8 [42.17/15 314 58 1:7 ET 422-50|22 32116 15|5 48 5 48|16 31/22 43] 38 
g |22 814.4414 34 | 7 3O}1718]22-55]a2 25115 57|5 26 |°6 10/16 4y/22 49} 9 
10 |22 Ojf4 24/4 It | 7 52/17 34/23 O22 18|15 40\5 3 | 6 33/17 6/22 55} 10 
11 |21 50|14 513 47 ; I4|17 49123 5/22 10j15 2214 4o | 6 56)17 23|23 Oj] 11 
12 |2I 41/13 45/3 24 | 8 36/18 5/23 gi2z2 ajt5 514 17 | 7 1917 39|23 5] 12 
13 |2I 31/13 25/3. 0 | 8 $8|18 20/23 13)/ar 54/14 40/3 54 | 7 41/17 55/23 9] 13 
14 |2I 21|13 5/2 36 | 9 20/18 34/23 16]21 45/14 28)3 31 8 4118 11/23 13) 44 
15 |2I 1O/£2 44/2 13 | 9 41/18 49/23 I9lar 36|14 10/3 8 | 8 26/18 27/23 17] 15 
16 |20 59]f2 24|1 49 |IO 2/19 3/23 2121 26)13 51\2 45 8 4818 42/23 20} 16 
17 |20 47/12 3/1 25 |1O 24/19 17/23 23/21 16/13 32/2 22 9 1018 57/23 22| 17 
18 |20 35]II 42|\r 2 |10 45|19 30/23 25|21 C13 Tait 59 | 9 32/19 12/23 24] 18 
19 |20 23|II 20]0 38 [II O|19 43/23 26/20 55|12 53/1 35 | 9 54/19 26)23 26] 19 
20 |20 10/10 59jo 14S |r1 26/19 56/23 27120 44l12 33/1 12 |10 16\1g9 40\23 27| 20 
21 {19 §7|10 37/0 -giN|I1 47/20 8]23 28)20 33/12 I4]o 49 _]10 37\19 53/23 27| 21 
22 |19 43|10 10Jo 33. |12 -7|20°20/23 27/20 2I]IT-§3]0 25 |10 59\20 6/23 28} 22 
23 |19 29] 9 54/0 57 {2 27/20 32/23 27/20 gir 3310 2N 11 20/20 19|23 27] 23 
24 |19 15|-9 32|1 20 |L2 47/20 44/23 26]19 57/11 -13|0 228 |11 41/20 32/23 26] 24 
25 [19 O19 9]t 44 |13_ 7/20 $5|23 25|19 44/10 52/0 45 [12 2/20 44/23 25) 25 
26 |18 4618 47/2 7 |13 26/21 5/23 23\19 31/10 31l1 -8 |12.23/20 §5/23 23) 26 
27 {18 30] 8 24]2 31 |13 46jar 10/23 2i|1g 18/10 T1]1 32 {12 43/21 7/23 21] 27 
28 118 15] 8 2/2 54 |14 Sj21 26/23 19/19 4) 9 4911 55 [13 3/21 17/23 18) 28 
29 |17 59 3.18 {14 23/21 35/23 16|18 50].9 28/2 19 |13 23/21 28/23 15] 29 
30 |17 42 3.4% |t4 42/21 44/23 13/18 36] 9 7|2 42 j13 43/21 38/23 12) 30 
3 |t7 26 4 4 21/53 18 22} 8 45| 14 3 23 8) 31 


_ TABLE XI* 
To, correct the Sun’s Declination for the changes in periods of Four Years. 


MONTHS. t 
et ° 
a JANUARY. FEBRUARY. ee 
BE ze 
o re De De 4 or 
- Days Days oe 


I 7 13 | I9 | 25 
«| sub. . | sub. 


I 7 a). 33 'g 1°25 


sub. | sub. | sub. | sub. | sub. 


4 
8 8 
12 12 
16 16 
20 20 

SA AES EST AD $25) 7 13 19g 

add. |add.|add.|aad. Add. ||add: jada. |aade|add:/aaa. 

4 / 4 f 7 

vet ae ee ae I I I 4 
8 Lorex I I I 8 
12 »2 2 2 2 z 12 
16 | .3 Bua Go 3 2 16 
Srp as). 95 Teel 134 <2 20 


TABLE X. | : 73 | 
8UN’S DECLINATION for the Years 1831, 1833, 1839, 1849, &a. 


Jan. | Feb. | March | April| May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. 
South| South} South | North| North] North! North| North] North | South South} South 


eNO. LION abs On A On lO PALO eg mahi owes CHINO nO s 


23 -3/'7 13/7 45 | 4 22\14 56/22 0/23 10j18 10/8 29 | 3 olr4 i8lar 45 
22 58116 56/7 22 45115 14/22 8123 6117 55/8 7 | 3 23114 37/21 $5 
3/15 32/22 16/23 alr7 4ol7 45 3 40114 56122 4 
3115 50/22 23/2 57117 24/7 23 | 4 IOS 15/22 12 
54/16 7/22 30/22 52/17 8 I 4 33/15 33/22 20 


Days 


29 4ojt6 3/6 13 
2% 34/15 45|5 50 


————_—— 


ial 
ow ony Siar 3 


4 
5 
5 
5 
O 17/16 24/22 37/22 46/16 52/6 39 | 4 56|15 52/22 28 
2% 260/15 26/5 | 6 39/10 41/22 43/22 40/16 35/6 16 | 5 19]16 10|22 35 
2% IQ|I5 7 2/16 58/22 4g]a2 33/16 1915 54 | § 42116 27122 42 
| 22 IOjt4 48/4 7 24/17 14/22 54/22 27116, 2/5 34 | 6 5/16. 45/22 48 
aainait4 29/4 _7 46/17 30)22 59/22 20/15 44]5 8 | 6 28117 2/22 54 
| II |2I 53/14 10/3 53 | 8 Qi17 46/23 4j22 12/15 27/4 46 | 6 51117 19/22 59 
| 12 {21 43113 50): 8 31/18 1/23 8ja2 4it5 gl4 23. «| 7 «13/17 35/23. 4] 12 
| 13 J21 33)13 393 © | 8 53)/f 16/23 r2jar 56/14 slg 0 | 7 3617 52/23 8] 13 
H 14 |2% 23/13 10/2 42 "| g 14]TS 31/23 15/21 47/14 33/3 37 | 7 5818 8l23 12] 14 
| 15-20 13/12 49|2 19 | 9 36/18 45/23 18lar 38/14 14/3 14 | 8 21/18 23/23 16] 15 
) 16 jar 1/12 29|1 55 6 
17 |29 5O}12 8|I 31 17 
18 |20 38/11 47|r 18 
1g 
20 
AT| aE 
| 12 2/20 18/23 28/20 24/11 58lo 3x {10 54/20 3/23 28] 22 
H 12 22/20 30/23 27/20 12/it 38)0-7N ]1z 15|20 16/23 27) 23 
i 12 42/20 41|23 27/20 O|1T J8]lo 168 |ir 36/20 29/23 27] 24 
i 13 2/20 52/23 26/19 47/10 57/0 39 |1I 57/20 41/23 26) 25 
ia 13 22/2f 3/23 24/19 35/10 36/1 3. |12 18)20 §3/23 24] 26 
| 13 41/21 13/23 22/19 21/10 1O|r 26 {12 38/21 4/23 22] 27 
ia 14 O21 23/23 20]/19 81 9 55|}£ 50 |12 59/21 15/23 I9| 28 
ee 14 19/21 33/23 17}18 54) 9 33/2 13 |13 19/27 26/23 10) 29 
i 14 38/21 42/23 14/18 40] 9 12/2 36 |13 3y'21 36/23 13] 30 


at 51 18 


TABLE XI.* 
To correct the Sun’s Declination for the changes in periods of Four Years. |’ 
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) : . : 
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3s 28 
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SEMIDIUBNAL AND SEMINOCTURNAL ARCHES, 
For finding the Time of the Rising and Setting of the Sun, Moon, or Stars. 
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DECLINATIONS of the PRINCIPAL FIXED 
the beginning of the YEAR 1820. 
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TABLE XV. . 8 
For findiog the APPARENT TIME of the PRINCIPAL STARS’ passing the 
MERIDIAN throughout the YEAR. 


——— 


January. February. 

eae I 6 II 16 | 21 26 I 6 rO4{ er 26 
| 4. m.}h. m.} h. m.| h. m.| h. m.}h. m./| h. m.| h. m.}h. m.j hb. m.} h. m.| bh. m. 
Algenib....| 5 17} 4 56] 4 34] 4 121 3 51] 3 30l] 3. 5] 2 46 a. 6} I 47/ 1 28 
Schedar. 5 431 5 211 § | 4 38] 4 17| 3 56) 3 31] 3 12 % 321% 131% §4 
Polar Star . 6 tol 5 48] 5 27/5 5] 4 44] 4 23/1 3 58] 3 38 % 59)/2- 40) 2°21 
Mirach ....| 6 13) 5 51] 5 30} 5 81 4 47| 4.26] 4 4] 3 41 Be ab2..49)12 124 
Achernar...| 6 44| 6 22} 6 1] 5 39] 5 18! 4 57 4 321 4 12 3 321 3 13) 2 55 
a ARIETIS ...] 7 10] 6 48] 6 27} 6 515 44] 5 2311 4 58] 4 38 3 58) 3 39] 3 20 
Menkar....| 8 6! 7 44) 7°22} 7 11 6 40] 6 Ag/l 5 541 5 34 4 541 4.35) 4 16 
MAE OLS coi ve 8 10) 7 48] 7 26] 7 51 6 43] 6 22/1 5 58] 5 37 4 58} 4.39) 4 20 
a Perseus ...} 8 24] 8 3! 7 41] 7 20] 6 58) 6 37]) 6 13] 5 52 5 13] 4 54] 4 35 
ALDEBARAN | 9 38! 9 16] 8 54] 8 33] 8 12] 7 51/1 7 2717 6 6 27; 6 815 49 
Capella ....|1O 16) g 54] 9 32] 9 11] 8 49] 8 29] 8 417 44 7 51 6 46) 6 27 
Rigel......|10 18! 9 56).9 34] 9 131.8 52) 8 3211 8 7) 7 47 7 91 6 48) 6 29 
6 Taurus ..../10 27/10 5! 9 44] 9 22} 9 1] 8 gol] 8 16) 7 56 7 16] & 57| 6 38 
Bellatrix...|10 28/10 6] 9 44) 9 22} g 1 8 gol) 8 17] 7 56 7 171 © 58] 6 39 
|S Orion... 6-./10 35/10 13] 9 51] 9 3°71 9 9] 8 48!| 8 24) 8 4 724.7. 516 go 
e Orion ..... 10 40110 17] 9 56] 9 34] 9 13] 8 52] 8 28) 8 8 7 281 7. 9g) 6 50 
a Columba...|10 46;10 24/10 2! 9 40} 9 19) 8 58] 8 34) 8 14 7°35| 7. 15| 6 56 
Beteiguese .|10 58\10 36\10 14] 9 52! g 331) 9 10]| 8 46] 8 26 7 47| 7.28) 7 9 
Canopus ..-|TI 32\11 10/10 4g]! 27|10 6) g 45]] g 20] 9 oO 8 21 8 al 7 43 
Sirius... II §0/1r 28\1r 6/10 44/10 23/10 2\| 9 371 9 17 | 8 39] 8 19] 8 
Castor ,.+.-|12 36/12 14|1t 52/11 30/11 giro 48ii10 23/10 3 9 23) 9 5| 8 46 
Procyon ...|1% 42/12 Zojtr 58|IL 37/11 1610 §5|/10 30/10 10 9 3°] 9 12] 8 53 
POLLUX. .-./12 47/12 25/12 3/1 43/11 20/10 sgilto 34/10 14 9 35| 9 16] 8 57 
& Argo Navis|13 10j12 48/12. 25|12 4|11 43/11 22\/10 57/10 37 9 58} 9 38] 9 20 
y Argo Navis|13 16/12 54|12 33)12 1/1 Solr 2gilrxr 4/10 44 IO 419 45] 9 2 
$ Argo Navis |13 52/13 30}13 8/12 47/12 25|12 4llxx 4O|II 20 IO 40/10 21|TO 2 
B Argo Navis |14 23/14 1/13 39/13 18|12 57/12 36|/1a rijtr 51 II I2|1O §2|10 3 
Alphard....|/14 30/14 $13 46/13 26/13 4}12 44)/12 19]1T 59 Il I9|II Oj1O 4J 
REGULUS ...|15 1oj74 48]14 26/14 5/13 45/13 24/12 59/12 39 II 59|11 40|1I 21 
& Ursa Major 16 2/15 41/15 18/13 §7/14 30/14 16)/13 51/13 31 I2 S1|12 32/12 13 
Dubhe.... (16 4i15 42/15 20/14 59174 37/14 17/113 53/13 32 12 53|12 34/12 15) 
PIERCED? SS. «3 16 51/16 29/16 7/15 46/15 25/15 4!|r4 40/14 20 13 40/13 21/13 2 
‘ly Ursa Major |16 56/16 34/16 12/15 50lt§ 29/15 8lir4 44lt4 24 13 45|13 25/13. 6 


a Crux....../17 28/17 6/16 44/16 23)16 4115 4ollz5 16/14 57 
y Crux ....../17 33/17 11/16 49/16 27/16 6/15 45/115 20/15 1 
SPICA.e....(/18 27/18 5/17 43/17 22117 1/16 39/116 15|15 55 
Benetnasch .}18 52/18 30/18 8/17 46|17 25117 4||16 39/16 19 
BCentaur ...)19 3/18 41|18 19/17 57/17 36117 15||16 50116 30 
a Draco..... 19 11|18 49/18 27/18 6/17 44/17 231/16 59/16 38 
Arcturus ...|19 19}18 §6/18 35/18 13/17 52/47 31/17 6/16 46 
Seginus ....|19 35|/19 13/18 52/18 31/18 It]17 49||17 24|17 4 
a Centaur .../19 38/19 16/18 56/18 34/18 13/17 52/117 27117 7 
Zubenesch, .|\19 51/19 29]19 7|18 47/18 25/18 $\ir7 49/17 20 
Zubenelg ...|20 18|19 561g 34/19 13/18 52/18 3r\/18 6117 46 
Alphacca.,.|20 38/20 15/19 54/19 32/f9 12/18 41ljr8 26/18 6 
a Serpens,.../20 46/20 24/20 2/19 42/19 21/18 5o|i18 34/18 14 
ANTARES ../2I 29/2F 7/20 45/20 23/20 2/19 42/l19 17/18 57 
Ras Algetht |22 17/21 55/21 33/21 11)20 50/20 29]/20 5/19 45 
Ras Alhague|22 371/22 15/21 53/21 32/21 10/20 4g]|20 26;20 5 
Rastaban...|23  3}22 41/22 19/21 57/27 36j2ar 15/20 50/20 29 
cf ae 23 41/23 19/22 §7,22 36/22 15/21 54]i2m 29/21 IO 


15 (S115 vQanee re 
15 5915 40\F5 21 
16 7/15 48/15 29 
16 24/16 5/15 46 
16 27116. 815 49 
16 40/16 21/16 2 
17 Ft 47|16 28 
17 26117 7|16 48 
17 35|17 v6|16 57 
18 18/17 38/17 39 
§/19 6/18 4718 28) 
19 26/19 18 48| 
19 §2|/19 33/19 14 
20 30/20 I1\Ig 52 


a AQUILE ...|/ 0 56 & 34) 0 13/23 47/23 20/23 5]\2a 4oj22 21 QI 41|21 22141 3 
a Pavo......| 1 26} r 4] 6 42] © Tolaz 55/23 341/23 9122 49 9122 LOj2I 5ol2t 32 
Dened: «. . 3: I §0) 1 28} r 6] O 44) © 23] oO $ 2/123 33/23 13 22 34/22 14/21 $5 
Alderaimin .| 2.29) 2 7| 1 45] 1 23h 1 21 0 41}) o 16/23 52/2: 23ET2/22 53122 34 
a Aquarius ..| 3 Io} 2 48] 2 27|/ 2 6/ I 44] I 23|| © 59] O 38)-0 18/23 §5|23 36/23 17 
a Grux......{ 3 Fol 2 48] 2 27| 2 6! £ 45] 1 24]| © 59] © 39] © 19/23 55|23 36123 17 
FoMALHAUT | 4 11 3 39] 3 17| 2 56 2 35 2 14] 1 50] I 29] I 10} O 50] O 31/0 12 
Scheat..~.. 4 8 3 46] 3 25] 3 3] 2 42a) 2 22/| © 57] © 37) zr 17) 0.57) © 38) © Ig 
MARCAB...| 4 9] 3 47| 3 25) 3 4} 2°43) 2 231) 1 58] 1 98) 1 18) © 58] Oo 39] © 20 
Alpheratz . ‘| s ral 9 sil 4 2 4  g46l 3 2511 3 of 2 atl 2 atl 2 ole gal x 2g 


7, UMP eee a ee 


80 TABLE XV. 
For findivg the APPARENT TIME of the PRINCIPAL STARS’ passing the 
MERIDIAN throughout the YEAR. 


: March. April mT: 
I 6 II | IGA} Ar Yeao I 6 ITS Teg hat. | a6 
~~ |h.m.jh.m.{h. m.j bh. m.[h. cil m.||h. m.) h. m.} h. m.| h. m.}h. m./ bh. m 
Algenib....| 1 16] 9 57] 0 39] O 21] O 2/23 40//23 18123 I]a2 43/22 24/22 Oj20 47] 4 
Schedar....| I 42} I 24] I 5] © 47) © 29] © 11]/23 45/23 26/23 8]22 50/22 32/22 13 
Polar Star .| 2 9} I 50] I 32] I 14; 0 55] © 37]] O 15123 53123 35123 16]22 58/22 39 
Mirach ....| 2 12] I 53} I 34] 1 16] oO. 58] © 4o]| 0_18)23 56/23 37123 10/23 1/22 42 
| Achernar...| 2 43) 2 24] 2 6] 2 48) 1 29] 1 II] © 49] O 31] O 13/22 50/23 32/23 13 
| jw ARIETIS ...| 3 9] 2 50) 2 32] 2 34) I $5] 1 37/| I 15] O 57] O 39] O 20,23 58/23 39 
Menkar....| 4 4] 3 45] 3 27/ 3° 9] 2 51) 2 33 2 11] I 53] ¥ 35] 1 16] O 58] O 39 
Algol »..+..| 4 7] 3 49) 3 30) 3 13] 2 55) 2 37|) 2 15) 1 57] 1 38) 1 20; TT] 0 43 
a Perseus ...| 4 22} 4 4] 3 45] 3 28) 3 10) 2 $2! 2 30) 2 12) F 53) I 35] 1 16) © 58 
| AvpeBaRAN| 5 37} 5 18] 4 59] 4 41] 4 23) 4 5i! 3 43] 3 25]}.3. 7| 2 49|_2 30] 2 12 
| | Capella ....| 6 14) 5-561 § 371 § 19] 5-1] 4 43]} 4 21] 4 3] 3 44] 3 26/3 38] 2 50 
Rigel...... 6 07} 558! § 40] § 21] 5 3] 445i 4 231 4 5] 3 47] 3 28] 3 11 2 52 
8Taurus.. 6 26) © 7| 5 491 5 30] 5 4 54]| 4 32) 4 14] 3 56) 3 37/ 3 19) 3 1 
Bellutrix...| 6 26} 6 81 § 49! 5 31) 5 4 55|| 4 33| 4 16) 3 56) 3 3%) 3 19) 3° 21. 
(aay haem 6 34} 6 15) 5 57| 5 381 5 20] 5 21 4 40) 4 22) 4 4) 3 45) 3 27, 3 Q 
SASTIONA. >... 6 38} 6 19] 6 1] 5°43) 5 5 Ol 4 44] 4 26) 4 8) 3 40] 3 31) 3 32 
a Columba... 6 44) © 25] 6 7| 5 49] 5 30 5 1211 4 51| 4 321 4 14] 3 56] 3 37| 3 18 
Betelguese .| 6 56; 6 33/ 6 19) 6 1) § 43) 5 2511 5 3) 5 45] 4 201 4 8] 3 49) 3°31 
Canopus ...| 7 31} 7 12} 6 54} 6 35] 6 17) 5 59] 5 37) 5 19] 5 11 4 42] 4 241 4) 5 
Sirius ...+.| 7 48/7 29/7 11 6 53) © 35) © 16) 5 55] 5 36, 5 18] 5 o| 4 43] 4 22 
Castor... 8 34] 8 15] 7 57| 7.39) 7 2017 2) 6 go] 6 22] 6 al 5 46/5 27/5 8 
Procyon ...| 8 41| 8 22) 8 41 7 45|.7 7 9] 6 47] 6 29] 6 11) 5 52) 5 34,5 15 
Potux....| 8 45| 8 27] 8 8} 7 50] 7 32] 7 13] 6 52) 6 33] 6 15] 5 57] 5 38] § 19 
1 if Argo Navis| 9 8] 8 50) 8 31| 8 13] 7 7 361 7 15| 6 56] 6 38) 6 20) 6 11 5 42 
1 |y Argo Navis| 9 15| 8 56) 8 38) 8 20) 8 7 43\| 7 2117 31 6 45] 6 26) 6 8 5 49 
$ Argo Navis| 9 50] 9 32] 9 14] 8 55] 8 8 I9|| 7 571 7 39|.7 211 7 2| 6 44 6 25 
6 Argo Navis {10 21|10 3] 9 44] 9 27| 9 9] 8 50/1 8 29] 8 10; 7 52] 7.34] 7 15| 6 56 
Alphard....|10 29|10 10} 9 52] 9 34] 9 8 58] 8 36 8 18) 8 o| 7 atl 7 23197 4 
REGULUS...|IE 9/10 59/10 32110 13] 9g 9 38] g 16) 8 58) 8 Ae 8 ai} 8 3l7 44 
‘8 Ursa Major 12 1j1l 42\11 24/IT  SITO 47/10 29/10 71 9 5C] 9 32] 9 13) 8 55: % 36 
| Dubhe.... [ra 2[tt 4alrx 25|f1 7)10 49|10 31/10 gi 9 52) 9 33] 9 15] 8 56, 8 381 | 
Deneb*. hi". 12 5012 30]r2 13/11 54/11 36,11 18|/10 56/10 38/10 20/10 1) 9 43] 9 25) | 
\v Ursa Major |12 54]1% 30j12 17/11 5Q/II 4I|LI 22/11 1/10 42)10 24|10 8) 9 47| 9 29 
a Crux....../13 27/13 8/12 sojf2 31/12 13/TT 55||/12 33/11 15/10 57|10 38|10 20/10 1 
PATE «sha 13 31/t3 13]12 54|12 36/12°18/11 SQlizz 38/11 19|LI I]r0 44|10 24]10 5 
SPICA......,14 26/14 7|13 49/83 30113 12/12,54]/12 32/12 14/11 56/11 38/11 TQi11 oO 
Benetnach. .}14 §0|14 32\14 13/13 55|13 37/13 19||12 57|12 39|£2 2Olr2 3lIT 43/11 25 
8 Centaur ..,/15. I/14 42\14 24/14 6l13 48/13 29) 13 8/f2 4gT2 31/12 T3Z/II 54]1l 35 
a Draco.....- I5 QIT4 S114 32/14 14]13 56/13 38113 16/12 58/12 30/12 21j12 2/11 44 
Arcturus ...|1§ 17/14 59114 4o|l4 22/14 4/13 46/113 24113 6]12 47 12 2 IO|II 52 
Seginus ... {15 35|15 16l14 57114 39|t4 atlr4 3llt3 q1/t3 23/13 5/12 4612 28]12 9 
a Centaur .../15 38/15 I9]15 Ojf4 43)14 24/14 6//13 44|13 26/13 8ir2 3112 12 
Zubenesch, .|1§ 5115 32/15 13/14 55154 37/14 1913 57/13 39/13 21|13 44/12 2§ 
Zubenelg.,.|15 16]/t§ 5915 39|15 22/75 4/14 45||14 24114 §|13 47113 1O|t2 §1 
Alphacca .. 416 36|16 17/15 59/15 42|15 23175 5]l14 44/14 25|r4 7/13 30|13 II 
a Serpens..../16 44/16 26/16 7|I5 50/15 32/15 T4llt4 5§2|14 34|14 15|13 38}13 20}. 
-ANTARES ../17 27/17 9/16 §0|16 32]16 15/15 57||15 35/15 17|14 58|14 2014 2 
Ras Algethi . ISIE] 57|17 38/17 201.7 216 44]16 23/16 5/15 46/15 g|t4 51 
Ras Alhaguet8 35|18 17117 58/27 40]:7 22117 4ll16 41|t6 25/16 6l15 2g\1§ 11 
Rastaban. .-|r9 1118 43]18 24/18 6/£7 48/17 30\117 8116 50/16 31116 55|15 37 
nie. oe. - Tg 48]19 2r]tg 3]18 44/18 26/18 8/17 46)17 28]17 10/16 33116 14 
A@viLm ....|20 51/20 32/20 14|19 56/19 37\19 TOHae §7|18 39/18 21118 44|17 25 
aPavo. .. 21 2012t 2/20 43/20 25/20 7119 48jl19 27/19 818 50}18 13/17 54 
Deneb..... 21 44/21 26/21 7/20 49)20 31/20 Tall1g 51/19 32/19 14]18 37|18 18 
Alderaimin .|22 23/22 5|21 45/21 28!2f 10/20 51|\20 30/20 II/19 §3]19 16|18 §7 
a Aquarius ..|23 4/22 46/22 27/22 10/21 52}21 34|/21 12/20 54/20 3520 58|19 40} 
« Grux...... 23 §|22 46/22 28/22 Ioler §2/21 34||2r 12/20 54/20 36/20 SylIg 40} 
FOMALHAUT |23 56/23 37/23 19723 1/22 43/22 25/|22 3/21 45/21 27/21 50/20 31 
Scheat ..... © 7123 44/23 26123 822 50/22 32/122 roj2r §2)2r 34laz 57|20 38 
MARCAB...| O 8/23 45/23 27/23 8/22 51122 33/|22 IOl2I §3/2% 35/27 58/20 39) F 
Alpherutz ..| IIT! oO §21 0 341 0 16/23 53123 35/123 13/22 56122 38}22 1125 42 


TABLE XV. 81 


For finding the arPARENT TIME of the PRINCIPAL STAR®’ passing the 
MERIDIAN throughout the YEAR. 


May. June. 
I 6 II Toy ir a2 26 I 6 il LS a aie 26 
i m.|h. m.}h. m.jh. m.j h. m.| h. m.|} h. m.j h. m.} hk. m.} h. m.} h. m.| h. m 
Algentb....|21 28|21 9]20 50/20 30/20 IOjIg sojltg 26/19 5/18 44418 24/18 3/17 42 
Schedar.... a 54/21 34/2E 16/20 56/20 36/20 16/19 52/19 31,19 11]18 So]18 2giid 8 
Polar Star .j22 20)22 1)21 42/21 22/21 2/20 43/20 Ig}19 §8l19 37/19 17/18 56/18 35 
Mirach ....|22 23)22 4/21 44/al 25]/21 5/20 46//20 20/20 Irg 4olrg 19/18 58|18 38 
Achernar...}22 §4|22 35/22 16]21 56/21 36/21 16/l20 52/20 31/20 1i]zg 51|19 30119 9 
@ ARIETIS ...}23 20)23 1/22 42/22 22122 2/21 42\2r 18/20 57/20 36/20 17/19 56/19 35 
Menkar....| 0 20} O 1/23 37/23 £8122 58/22 38/22 13/21 53/21 32/21 11/20 51/20 30 
Algol ..... O 24) O 4/23 41/23 21/23 2/22 41/122 17/21 56/21 36/21 15/20 54/20 33 
a Perseus ...| O 39] O 20/23 56/23 36/23 17/22 56/22 32/22 12/27 51/21 30/21 9/20 49 
ALDEBARAN | T 53] I 34] I 14] © §5] O 35] 0 151/23 46/23 26/23 5/22 44/22 23/22 3 
Capella ....| 2 31] 2 11] I §2| © 32] 1 42] 0 52/1 O 28] O 7/23 43/23 22/23 1/22 40 
Priel, . ios. 2 33} 2 14] I 54} 1-35] I 15} O §5]] © 30] O 10/23 45/23 24/23 4/22 43 
2 Taurus ....| 2 42} 2 23] 2_ 4] I 44] I 24] I 4h O 39] O 19/23 54/23 33/23 13/22 52 
Bellatrix,..| 2 43) 2 23} 2 4| 1 44] I 25} I 4|} O 4o] O 19]23 55/23 34/23 13/22 52 
$Orion....-.| 2 50) 2 31] 2 11] & §2| I 32] £ 12/| O 47) O 27} 0 6/23 41/23 21/23 © 
4 Orion s.<;. 2 54) 2 35) 2 16; r 56] r 36) r 16] © §2) O 31] O 10/23 46/23 25/24 4 
a Columba...| 3 0} 2 41] 2 22) 2 2] I 42] 1 22/|,0 58] 0 37] o 16/23 52/23 31/23 10 
Betelguese .| 3 11) 2 53) 2 34) 2 14] I §4] 1 34/} I 10] O 49) 0 29] O. 8/23 43/23 22 
Canopus ...| 3 46] 3 27) 3. 9] 2 49) 2 29]/.2 gj I 44] I 24) r 3] 0 43) 0 22) 0 1 
Sirius ...+. 4 31 3 441.3 25] 3 6] 2 46] 2 26] 2 2+ t 41] r.2] 1 Of 0.3y].0 18 
Castor ....- 4°49) 4 301% 11).3 51] 3°31) 3-4TI| 2 48) 2 271 2 6) I 46) rag) T 4 
Procyon ...; 4 56) 4 37| 4 17] 3 58] 3 38] 3 18] 2 54] 2 34] 2 13] I 52) 3 32) § TI 
POULOX. 3. iS’ Gl 4 41/4522) 4 2173 4213.22); 2 59} 2 33) 2 18) © 57) 36) ¥ 85 
€ Argo Navis; 5 23) 5 4] 4 45] 4 25) 4 5] 3 45] 3 21/3 O| 2 41) 2 20! r Sq] 1 38 
y Argo Navis} 5 30] 5 11! 4 52] 4 32] 4 12] 3 52/| 3 281 3 7) 2 47| 2 27] 2 6] I 45 
3 Argo Navis| 6 6] 5 47| 5 27/ 5 8| 4 48] 4 28] 4 4] 3 43} 3 22] 3. 1) 2 42] 2 21 
8 Argo Navis | 6 37| 6 18] 5 59] 5 39] 5 19) 4 59] 4 35] 4 14] 3 54] 3 33] 3 12} 2 51 
Alphard....| 6 45} 6 261 6 6) 5 47| 5 271 § 7|| 4 42] 4 22) 4 1] 3 40} 3 20) 2 59 
REGULUs...| 7 25| 7 6] 6 46) 6 271 6 7) 5 47/1 5 221 5 21 4 411 4 201 4 of 3 39 
8 Ursa Major! 8 17| 7 58! 7 38) 7 19] 6 59] 6 329] 6 14) 5 54] 5 33] 5 12] 4 52] 4 31 
Dubhe.... | 8.19} 8 | 7 40] 7 20] 7. 1] 6 go} 6 16] 5 56] 5 35] 5 I4] 4 53] 4 33 
Deneb ..... 9 6) 8 47) 8 27; 8 8] 7 48] 7 281 7 3] 6 43] 6 22] 6 1 § 41] § 20 
y Ursa Major! 9 10] 8 51] 8 32| 8 12] 7 52] 7 32/1 7. 8| 6 47| 6 27| 6 6] § 45) 5 24 
MCrOX es. see g 42| 9 2319 4| 8 45] 8 25] 8 5] 7 40] 7 20] 6 59] 6 38) 6 171 5 57 
yCrax.:.:'.. 9 461 9 271 9 9] 8 49] 8 29) 8 gi 7 451 7 2417 4! 6 43] 6 22} 6 1 
SPICA......|10 41/10 22/10 2) 9 43/ 9 23) 9 3] 8 39] 8 18] 7 58) 7 37| 7 17) 6 56 
| Benetnach. .\11 6\10 46|10 27/10 8! 9 47| 9 27/1 9 3] 8 43} 8 23} 8 2] 7 41] 7 20 
B Centaur .../11 1610 57/10 38/10 18] 9 58] 9 38] 9 14] 8 55/ 8 34] 8 13) 7 521 7 37 
a Draco.....|1I 25|11 6/10 46|10 26/10 7/ 9 46] 9 22/ 9 2/8 41] 8 21] 8 Of 7 40 
Arcturus ...|11 33/11 13/10 §4|10 34/10 14] g 54|| 9 30] 9 Io| 8 49} 8 29 8 81-7 47 
Seginus ....|II SOI 31|II TI|10 52/10 32|10 12/| 9 47) 9 27/9 6) 8 46) 8 26) 8 
a Centaur .../1% 53/11 34/11 15|10 §5]10 35/10 151 9 51] 9 301 9 9] 8 49] 8 29] 8 8 
Zubenesch,.|12 O/1T 47/IT 27/11 3/10 48]10 28|/10 3] 9 43) 9 22] 9 1) 8 42) 8 21 
Zubenelg ...|12 33)12 IZ/IL §4it1 34/18 14]10 54/10 39/10 9! 9 49) 9 281 9 7} 8 46). 
Alphacca...|1% 52/12 33/12 L4j1r §4|1l 34/£1 14||10 50/10 29/10 8] 9 48] g 27/9 6 
a Serpens.... 13 1/2 4tjI2 22lx2 iI 4airx 22//10 58|10 37|10 17] 9 56] 9 35) 9 14 
ANTARES ../13 44/13 24/13 5/12 45/12 25/12 S||II 41|11 20/11 OjLO 39]10 18) 9 57 
Ras Algethi|14 32|14 12/13 53/13 33/13 13/12 53//12 29|12 811 48|1I 27/11 6/10 45 
Ras Alhague|t4 52\14 33/14 13/13 54/13 34/13 14||t2 49|12 29 8|11 26 6 
Rastaban,..|15 18}14 58/14 39/14 19|13 §9|13 39|/13 15]12 ‘ 
Vega ....../15 55/15 36/15 17/14 58]14 38/14 18/113 §3}13 33 
# AQUILE....117 6/16 47]16 28116 815 48/15 aBliI5 4|t4 43 iT 
@ Pavo..... |17 36/17 16/16 57/16 37116 17115 571/15 33]15 
Deneb..... 17 59/17 40|17 23|17 1/16 41\16 ariits 57|15 , 
Alderaimin .|18 38}18 19]18 o}17 40\17 20]17 al16 36}16 
je Aquarius ../19 21/19 2/18 42/18 22/18 3/17 42/\17 18/16 
| je Grux...... 19 23/19 2/18 42/18 23/18 3)17 43/17 18}16 
FoMALHAUT |20 12/19 §3/119 33|19 14]18 54|18 34||18 9]17 49|17 2 7 
Scheat .....|20 19/20 oj1g 41i1g 21/19 1118 41l18 17\07 56/17 35)17 15]16 54|16 33 
MArCAk .../20 20/20 1]19 4I|tg 22]19 2/18 4ali18 17/67 57/17 36/17 15|16 $5|16 34 
Alpheratz ..|21 23]/21 4:20 45120 25120 18 39118 19117 58117 aa 
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TABLE XV. 
For finding the APPARENT TIME of the PRINCIPAL STARS’ passing the 
MERIDIAN throughout the YEAR. 
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TABLE XV. 83 
For finding the APPARENT TIME of the PRINCIPAL STARS’ Yeni the 
MERIDIAN throughout the YEAR. 


a 


| Se ptember. | October. 
3 ed Mie 9 ah ia De a cake ile See VMS | HET 
Ries! 6 Il 16) | 21 210i 8 ) 1I 16 | 21 26 
bh. m.} hem.) hb. m.} a.m.) hk. m.|b. m.i| he m.| he m.}h. m.} hb. m.! h. m.} bh. m. 


Algenib....\13 21/13 3/12 45|/£a 27/2 glx 51l[rr 33/11 15]10 57|10 38|10 I9|I0 © 
Schedar....j13 48|13 30/(3 TOlra $412 36:62 18]r2 of1r 4ilrr 23]9t glo 46/10 27 
Polar Star .|14 1413 §6|13 37\13 20)13 2/12 44)]12 26)12 Slit So0lrE 3rjIt 12|10 53 
Mirach .... T4 I7|14 O13 40/13 23)13 5)12 47| 12 2Q|12 LU/TL §52]1F 34/1 15)10 56 
Achernar,..}14 48/€4 30/14 12/13 5$4|13 36|13 18/13. oft2 q2|r2 24jr2 5]x1 46)11 27 

a ARIETIS .../1§ 14]14 56/14 38/14 20114 2/13 44/13 26]13 8/12 Solr2 31|r2 I2jIr 53 
Menkar....{16 IO}T§5 §2/15 34|1§ 16/14 §8]14 40/14 22114 4/13 46 13 27/13 8/12 49 
Algol ...../16 I4jt5 56]15 38/15 2015 2/14 44/14 26/14 7/13 49/13 31/13 12/12 53 

« Perseus ...{10 29/10 11/15 53/15 35/45 17/14 59/14 41/14 23/14 4]13 4? 1327/13 8 
ALDEBARAN |17 42/17 24/17 6/16 16 4g}10 31116 I3'T§ 55115 37/15 IBI15 O14 41|I4 22 
Capella .. 118 20/18 217 44lt7 26117 9/16 50jl16 33/16 r4lt5 56]15 38115 tglr5 oO 
Rigel......{18 22/18 4)17'46/17 28/17 10/16 §2]/16 35/16 17/16 Of15 4ojr5 21/15 2 

‘Taurus ....{18 31/18 13/17 §5)£7 37/17 19/17 116 44/16 26/16 . 8/15 49|15 30/15 Ie 
Bellutvix...|18 32)18 14/17 56/17 38/17 2cj17 2) : 

$Orion....-.(/18 39/18 21/18 3/17 45/17 27/17 oir’ 51/16 34/16 15115 §7|/15 38115 19 

je Orion ..... 18 43/18 25/18 “ 

a Columba.../18 49/18 31/18 I y 
Betelguese .|19 2/18 44/18 26/18 8117 50/17 32\17 14/16 55/16 37/16 20)16 olrs 42 
Canopus ..-|19 36/19 18/19 0]18 42/18 24118 6/17 48.17 3017 12/16 §3]16 34/16 15 
Sirius ...«.|19 53/19 35/19 17)18 §9/18 41/18 23/18 8 5j17_47/17 29|17 10 16 52/16 32 


Castor .....|20 39/20 21|20 3/19. 45/19 27/19 gii18 5 51 18 33 3318 15]17 571/17 37\17 18 
OlTy 52/19 34/19 16)|18 58/18 40/18 22\18 4/17 44/17 25 
18 27]18 7/17 49/17 30 


‘ 


Procyon ...|20 46/20 28)20 1 

POLLUX... ./20 51/20 32/20 I4!19 56,19 39/19 21]/19 2|18 44) 
£ Argo Navis {21 14/20 55/20 37/20 1920 I)19 44) 19 25/19 7:18 49|18 30/18 12/17 53 
y Argo Navis:2I 20/21 2/20 44/20 26/20 8119 S0/1g9 32/19 14/18 56)18 37/18 18118 o 
> Argo Navis |21 5621 38,21 20)2r 2/20 44,20 26/20 Sirg 50:19 31/79, 13]18 54/18 35 
@ Argo Navis |22 26/22 g2f $1l21 33/21 15/20 57|/20 39/20 21/20 3/19 44)19 26/19 © 


Alphard.... 22 34/22 17}22 Ola 41/21 23/21 5/20 47/20 29,20 Tojlg §2|19 33119 14 
REGULUS .. .|23 ear? 57\2% 39/22 23/22 3/21 45)/21 27/21 g 20 §0/20 32:20 13/19 54 
8 Ursa Major | © 0/23 48/23 30/23 12/22 55/22 37|/22 Ig\22 1/21 43/21 24/21 5/20 46 46 
Dubhe.... | © 12/23 50/23 32/23 14]22 57/22 39l|22 21/22. 3lar 44i2x 26/21 7|20 20 48 
Deneb:....» © 59] O 41] O 23) 0 5/23 43/23 251/23 8122 50/22 32/22 13/21 54/21 35 
y Ursa’ Major! 1 4} © 45] © 27} © 10/23 48/23 30/23 12/22 54/22 36/22 17|22 o/21 4o 
oO oe | I 36] I 18} IO} o 42} 0 24) O 6/23 44/23 26/23 8/22 50/22 31/22 42 
y Crux......| I 40} I 22) IT 4/0 40| © 28 O 10)/23 48/23 30/23 12/22 54/22 36/22 16 
Srica......| 2 35) 2 17) 1 59} x 41 © 23) 1 5)) 0 47] © 29) O T0}23 48/23 
| Benetnach..| 3 0} 2 42| 2 24) 2 6) I 48] T 39]] 1 12] © 53) O 35] O 17/23 
6 Centaur ...| 3 10] 2 52] 2 34) 2 16) 1 58) I 40/| r 22] r 4] O 46) 0 27/ 0 
ia Draco....-| 3 19} 3. 1} 2 43] 2 25) 2 7] I 49] 1 311 I 13] © 54] O 36) O 
Arcturus ...| 3 26] 3 9) 2 53] 2 33) 2 15} 1 57/| I 39] 1 20] I 2) © 44) 0 
Seginus ....| 3 43] 3 26] 3 8} 2 50] 2 32] 2 14j] a 56) 1 38) 1 19) 1 1) 0 
a Centaur ...! 3 46] 3 29] 3 I1| 2 $3) 2 35) 2 I7|, I §9) I 41) I 23) I 4) 0 
Zubenesch..| 3 59| 3 44] 3 24] 3 6} 2 48) 2 Zoi] 2 12] I §4) 1 35] I 37} 0 
Zubenels .«.| 42614 7.3 4913 32|-3 15) 2 571) 2 39) 2 20) 2 2) T 43h 5 
Alphacca...| 4 45} 4 27} 4 9} 3 51} 3 34] 3 10] 2 58) 2 40) 2 22) 2 ait 
«Serpens....| 4 54] 4 304 181 4 0} 3 42) 3 24) 3. 7) 2 48] 2 30] 2 ra) 
AnTARES ..| 5 37/5 19] 5 | 4 431 4 25] 4 7] 3 49| 3 39] 3 13] 2 54] 2 
Ras Algethi| 6 25} 6 7] 5 49) 5 31] § 13] 4 55/4 37] 4 18] 4 Of 3 42) 3 
Ras Alhague| 6 45} 6 27; 6 9g! 5 51| 5 331 5 15) 4 57] 4 39] 4 201 4 2) 3 
Rastaban...| 7 11] 6 53| 6 35] 6 171 5 59] 5 41] 5 23] 5 4] 4 46} 4 27] 4 
Co ae {7 49 7 3x 7 431 6 551 6 371 6 19) © a] 5 4315 2515 Ol 4 
4 |, AovILA. 9 a9 8 che 24] 8 6| 7 48] 7 30] 7 12) 6 54).6 36] 6 37] 5 
a Pavo..... | 9 30 9 11] 8 53] 8 36] 8 18} 8 oj] 7 421 7 23] 7 5] 6 46] 6 
Deneb.....| 9 54) 9 35] 9 17} 8 So} 8 42] 8 24) 8 5] 7 471.7 29) 7 I0} 6 
Alderamin .|10 32|10 131 9 561 9 38) 9 2119 3] 8 444, 8 26] 8 817 49) 7 
« Aquarius ..}r1 14|10 56/10 3810 20110 31 9 45) 9 271 9 9} 8 50} 8 32] 8 
MTDNA » oy ate II 14}10 56]10 38'10 20)10 3) 9 45/| 9 27] 9 9} 8 50) 8 32) 8 
Fawn tent SITT 47|U1 29\1T T1]TO 53/L0 35/10 17}10 O} g 41] 9 23) 9 
Scheat..... j12 12|1 S4}tt 36/11 18|Ix O10 42'|10 24/10 6 9 5°] 9 30] 9 
| Marcar...j12 13/1t 55|1£ 37/1 IQITI Ij10 43/10 25)10 7| 9 S°} 9 311 9 
| Alpheratz ..|13 16'12 5§8!12 gOlr2 22/12 4lir 46 11 28|1F TOMO §2}7O 33:10 


| 84 TABLE XV. 
For finding the APPARENT TIME of the PRINCIPAL STARS’ passing the 
MERIDIAN throughout the YEAR. 


November. December. 
I 6 II 16 | a1 20 I 6 lI 76.) | 27 26 
h. m.{h. m.| h. m.| h. m.{h. m.}h. m.}) bh. m.! h. m.}h. m.| h. m.j h. m.} h. m, 
Algenib....| 9 37| 9 17) 8 57| 8 38] 8 171 7 56ll 7 34] 7 12] 6 50] 6 28} 6 6 5 44 
Schedar....}19 3] 9 44} 9 231 9 3] 8 42] 8 22] 8 1] 7 39] 7 17] 6 55] 6 33] 6 10 
Polar Star .|10 30|10 Io} g 50] 9 301 9 9} 8 48] 8 27/ 8 517 44] 7 21) 6 59) 6 37 
Mirach ....|19 33|10 13] 9 53! 9 32] 9 Ti] 8 50/) 8 30) 8 “8 7 46) 7 24) 7 2) 6 go 
Achernar...|11 4|10 44/10 24110 4] 9 43/ 9 221 9 of 8 34] 8 18) 7 $5] 7 33) 7 11 
@ ARIFTIS ...{II 30/1T I0]IO 50/10 30/10 g/ g 48|| 9 26) 9 5] 8 43] 8 20] 7 59] 7 37 
Menkar..,.|t2 20/12 6|rr 46/xr 26/11 5}10 44/|10 22]10 °| 9 281 9 16] 8 54) 8 32 
Algol ...../1% 29/12 IO/Lr S50]1I 2g]/II 8]10 47|/10 26/10 4! g 42] g 20) 8 58] 8 35 
a Perseus ...|32 44/12 25/12 5/11 44/21 23/11 2\|r0 41}10 19/9 $7] 9 35) 9 13) 8 51 
ALDEBARAN |I14 O|13 39/13 Ig|12 58/12 37|12 16/11 55|£1 331Lf 110 4yl10 27110 5 


1§ 15/12 $4]|12 33/12 I1j11 4glII 27/11 $10 42 
Feagebs ows s's 14 39/14 19/13 59]13 39/13 T8|L2 57) 12 35/42 TZl1L S1jIT 2yltI 7\1O 45 
ATaurus ....)14 48/14 28/14 8)13 48/13 27/13 61/12 44/12 22)/12 Ol1r 38ltE 16/10 54 
Bellatrix...|14 48/14 29/14 9/13 48/13 27/13 6/12 45/12 23/12 JIE 39Q]K1 17/10 54 
3 Orion....-./14 5§6)14 36/14 16/13 55/13 35/13 13||12 52|/12 30,12 8lxr 4Olrr 24/1r 2 
2 Orion ..... 15 O}F4 40/74 20/14 Of13 39/13 T812 56/12 35/12 T3lXI Sojrs 2Biir 6 
a Columba...|15 6/14 46/14 26)14 8/13 45/13 24/13 2/£2 g1|/12 Ig/II 57/11 34/11 12 
Betelguese .\15 18/14 58/14 39/14 18/13 57/13 36/13 15|12 53/12 31|£2 lI 47\11 24 


Capella .... 14 36 14 17/13 57/13 36 


Canopus .../1§ 52/18 33/15 £2)14 §3/14 31/14 I1|/13 49|13 27/13 4)12 44/12 21/11 §9 
Str itlse vices 16 9 T5 49 f5 29/15 git4 48)\14 27\|14 6/13 45/13 22/13 1/42 38/12 16 
SOMSEOT Ce ce 16 55|16 35/16 15]15 §5|15 34/15 13/14 51/14 3014 8113 46/13 24113 2 


Procyon ...|17  2|16 42/16 22/16 215 41/15 20/14 58/14 36/14 14)13 52/13 30 
PoLtux....|t7  6)16 46/16 26/16 6/15 45|15 24/15 2114 41/14 19]13 57/13 34 
£ Argo Navis 37 29117 9/16 49|16 2916 8/15 47/|15 25/15 4)14 42|14 20|13 57/13 35 
y Argo Navis 17 36/17 16,16 56/16 37|16 15|15 54||\15 32)15 10/14 49/14 26/14 4|13 42 
$ Argo Navis 18 12|17 52}17 32/17 11/16 51/16 29/16 8/15 46.15 a4its a\l4 40/14 18 
6 Argo Navis |18 43/18 23/18 3/17 43/17 22/17 11/16 39/16 1815 56|15 34)1§ T1|14 49 
Alphard..,.'18 51|18 31/18 11/17 50/17 30,17 8/16 47)16 25)16 3]15 41/15 IQ)14 57 
REGULUS ....19 31/1G 1118 S1]18 30/18 10117 48/17 27.17 5/16 43/16 21/15 59/15 37 
lg Ursa Major |20 23/20 3/19 43/19 23|19 2/18 41|/18 19/17 57\17 35/17 13,16 51116 29 
1 por aerest es os os 


. 
— 


Dubhe .... |20 24/20 5119 45|19 24/19 3/18 


Deneb ..... ;21 12 120 TI/I9 511g 
y Ursa Major 21 16)20 56 20 16/19 55,19 
We Ns p aoe gaa 21 49/21 20 48/20 26/20 
y Crux s,s. 21 53)21 3¢ 20 §3|20 31/20 


2% 47/22 mlar 4Ol2r 26/21 
Benetnach, ,\23 12}22 32)22 I1j/2I 5021 
8 Centaur ...|23 2212: 22 22/22 ar 
a Draco....-.}23 30/23 22 30/22 Q)21 
Arcturus ,../23 38)23 22 38/22 17/21 


Seginus ....|23 56/23 36/23 16/22 55]22 35/22 
a Centaur ...| O 3/23 19|22 59/22 38/22 
Zubenesch , .| © 16/23 23 11/22 51/22 
Zubenelg ...| © 42 é 2/23 38]/23 17/22 § 
Alphacca...| I 2 22/23 58/23 37/23 
aSerpens..,.| I 10 © 10/23 45|23 
ANTARES ..| I 53 © §3| O 32; O 
Ras Algethi| 2 41 I 41] I 20; Oo 
Ras Alhague| 3 2 2 If 40; 1 
Rastaban...| 3 26 2129) 2 O° 
Vega .oes0. 4 5 3. 5| 2 45} 2 
« AQUILE 5 16 4 161 3 55] 3 
a Pavo. we. 5 45 4 45) 4 24] 4 
Deneb'..... 6 9 5 9] 4 48) 4 
Alderaimin .| 6 48 5 48) 5 27] 5 
a Aquarius ..} 7 30 6 30} 6 9) 5 
a Grux...... 7 31 6 30] 6 10] 5 
FomALHAUT | 8 22 7 21,7 oO 6 
Scheat.....| 8 29 7 2917 8| 6 4 
MARCAB...| 8 30 7 2917 9} 6 
Alpheratz ..| 9 32 8 331 8 12) 7 51 9 4 24 6 39 J 


TABLE XIII.* 
To find the LatirunEr by the PoLtar Srar 


weeks Corr, Corr. Corr. 
ede.) or | tee, Penni] for 
aioe rook 1830. *) 1820. 


» In. 
12 0 
I2 10 
I2 20 
I2 30 
12 40 
12 50 aie k 
13 O {+1 ; 
[3 10 |+1 : 


aa ae) oo000 = 
DpH Mi bwnN He N 
O00 0/0000 08 


Jo oo00 
ed 
BENS ON ee Oe 


SS = Sa 
20000 


en Mn lo 
nn wn 


=e DY b 


5 
4 
3° 
2 
I 
0 
8 
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° 37° 
O 41 
5| 0 43 
20 50 |—-o 47] 0 44 
20 55 |—o 49 “0 46 
oO |—o 51| o 48 
—O 52 ge 

“TO. 54} US8 


maoum NAx~TIC 


Nome) 


nnn 
wma con 
Newel oko) 


4 123 10 |—1 28 
23 20 I—I 3° 
E 23 30 |I~I 32 
29] O 29 k ) 123 40 |—1 34 
26| 0 26 5 55 |+0 26, O 26 423 50 |—I 35 


86 TABLE XIV.* 


SUN’S MEAN RIGHT ASCENSION. 


tee. Oct. |Nov. Re, Dec. | Days. | 


—_—_—_ 
en ee | eee | 


h. m./b. m./h. m./h. m.{h. m./h, m./h. m.jh. m.{h. m./h. m./h. m./h. m, 
I (18 46)20 33/22 48] O 42) 2 33) 4 35] 6 40! 8 45/10 41/12 29/14 25]16 29 I 
2 18 soj2r 02/22 52} O 45) 2 37| 4 40; 6 44) 8 4yjIO 44/12 32/14 29/16 33] 2 
3 |18 54/21 06/22 56) O 49) 2 40} 4 44] 6 48} 8 52110 48]12 36114 33/16 37) 3 
4 |18 59/21 10/22 59] O 53| 2 44] 4 48) 6 52! 8 56/TO 52/12 40|14 37/16 42 4 
5__ {19 03/21 14/23 03) © 560} 2 48] 4 52] 6 56] 9 oojIo IO §5}12 12 43/14 41 41}16 46 5 
6 Ig 19 og|ar aI 18/23 o7| 1 OO} 2 52) 4 56} 7 OO} 9 O4/10 SylI2 47/14 14 4§|16 51 51 6 
7 119 12/2E 22/23 10} I O4| 2 §6) § Co} 7 O4| g OB|TI 02/12 51/14 4gj16 55 7 
8 /19 16/21 26/23 14) I 97] 3 00} 5 O4] 7 Og] 9 12/11 06/12 54]/14 53/16 59} 8 
9 |19 21/21 30/23 18) I 11] 3 04) 5 O8} 7 13) 9 I5|II 1O|\t2 5814 57/17 04 9 
10 Ba 25|21 34|2: I 15} 3 08} 5 13) 7 17) 9 I/II 13/13 O211§ O17 08, IO 
II 19 29/21 38)2; I 18) 3 11] 5 17] 7 28) 9 23/fL 17/13 05/15 05/17 13) II 
I2 jI19 34/21 42/23 I 22) 3 15] 5 21) 7 25] 9 27/1 20/13 Og|15 ogI7 17] 12 
13 {19 38/21 46/23 I 26) 3 19] 5 25) 7 29] 9 31/J1 24/13 13/15 13/17 21] 13 
14 |19 42/21 50 1 29} 3 23] 5 29] 7 331 9 3alTI 28|13 16)15 17/17 26] 14 
T§ _|19 47/21 54 I 33) 3 27] 5 33|_7 37] 9 38/11 31/13 20/15 21/17 30) 15 
16 {19 §1)21 58 I ae 31) 5 37| 7 41) 9 42)11 35/13 24]/15 25/17 35| 16 
17 \19 55/22 02 I 40] 3 35] 5 42) 7 45) 9 46/11 38/13 28,15 3017 39) 17 
18 {20 00/22 05 I 44) 3 39} 5 46) 7 49) 9 49)1f 42/13 31|15 3417 43] 18 
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| For finding the Time of High Water. 
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TABLE XVI. 87 
For reducing the Time of the Moon’s Passage over the Meridian of Greenwich to the 
Time of its Passage over any other Meridian. 
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TABLE XVII —To correct the MEAN REFRACTION. 
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88 | TABLE XVIII. 


For reducing Moon’s Declination to any given Meridian, and to any Time under that Meridian 
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TABLE XVIII. 89 
iFor reducing Moon’s Declination to any given Meridian, and to any Time under that Meridian. 
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TABLE XVIII. 
jfor reducing Moon’s Declination to any given Meridian, and to any Time under that Meridian. 


add in W. Long. ) Add corr. 
cub. in E. Long § for time. 


Variation of the Moon’s Declination in twelve Hours, 
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For reducing the 8UN’S DECLINATION to any given Meridian, and to any 
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© 43] 4 48 
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° 58) 6 24 
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I 25) 9 24 
I 27} 9 36) 
rt 28} 9 48 
I 30] 10 oO 
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I 46} 11 48 
I 48: 12 0 
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TABLE 


XXITE 


ROSTERS SN NRT SPE SD SN EDL SEL Sy aS 


LOGARITHMIC SINES, TANGENTS, AND SECANTS, to every Point and 
- Quarter Point of the Compass. 


— > 


a= Sine. | Co-sine. |Tangent.| Co-tang. | Secant. | Co-sec. | 5 
° 
a oy 
Oo ©.000000 |I0.000000 | 0.000000 } Infinite. |10.000000 | Infinite. 8 | 
o £ | 8.690796 | 9.999477 | 8.691319 |11.308681 |10.000523 |11.309204 | 7 = } 
o £ | 8.991302 | 9.997904 | 9.993398 [11.006602 |10.002096 |T1.008698 | 7 J 
Oo ¢ | 9.166520 | 9.995274 | 9.171247 |10.828753 |10.004726 |10.833480 | 7 
I | 9.290236 9-991574 | 9.298662 |10.701338 |10.008426 |10.709764 | 7 <i 
tr £ | 9.385571 | 9.986786 | 9.398785 |10.601215 |10.013214 |10.614429 | 6 é 
r £ | 9.462824 | 9.980885 | 9.481939 |10.518061 |10.0191T5 |10.537176 | 6 4 
I i 9-527488 | 9.973841 | 9.553647 |10.446353 |10.026159 |10.472512 | 6 4. 
2 9.582840 | 9.965615 | 9.617224 |10.382776 |10.034385 |10.417160 | 6 
2 F | 9.630992 | 9.956163 | 9.674829 |10.325171 |10.043837 |10.369008 | 5 2 
2 £ | 9.673387 | 9.945439 | 9.727957 [10.272043 |10.054570 |10.326613 | 5 £ 
2 £ | 9.711050 | 9.933359 | 9.777700 |10.222300 |10.0606650 |10.288950 | 5 i 
3 9.744739 | 9.919846 | 9.824893 |10.175107 |10.080154 |10.255261 | 5 
3 % | 9.775027 | 9.904828 | 9.870199 |10.129801 |10.095172 |10.224973 | 4 ¥ 
3 z 9.802359 | 9.088185 | 9.914173 |10.085827 |10. 111815 |10.197641 | 4 4 
3 £ | 9.827084 | 9.869790 | 9-957295 |T0.042705 |10.130210 |10.172916 | 4 4 
4 9.849485 | 9.849485 |10.000000 |10,000000 |10.150515 |10.150515 4. 
| Co-sine. Sine. | Co-tang. |Tangent.| Co-sec. | Secant. | 
TABLE XXIV. 
LOGARITHMS OF NUMBERS. 
No. 1 109 Log. 0.000000 2.000000 
ey , | ’ x 2 i 7 
No.| Log. No. Log. | No. Log. |\No. Log. || No.| Log. 
T | ©.000000 |] ar | 1.222219 | AI | 1,612784 || 61 | 1.785330 81 1.908485 
2 | 0.307030 |} 22 | 1.342423 |] 42. |: 1262324 62 | 1.792392 82 | 1.913814 
3.|.0.477121 || 23 | 1.361728: 1) 43 | 1.63346 63 | 1.799341 83 | 1.919078 
4 | 0.602060 |] 24 | 1.3802TT || 44 | 1.643453 || 64° | 1.806180 84 | 1.924279 
5 | 0.698970. || 25 | 1.397949 || 45. | 1.653213 || 65 1.812913 || 85 | 1.929419 
6 | 0.778151 || 26 | 1.414973 || 46 | 1.662758 || 66 | 1.819544 86 | 1.934498 
7 | 0.845098 || 27 | 1.431364 || 47 | 1.672098 |] 67 | 1.826075 87 | 1.939519 
8 | 0.903090 |] 28 | 1.447158 |] 48 | 1.681241 |] 68 | 1.832509 88 | 1.944483 
9 | 0.954243 |] 29 | 1.462398 || 49 | 1.690196 || 69 | 1.838849 || 89 | 1.949390 
IO | 1.000000 |} 30 | 1.477121 || 50 | 1.6y8970 || 70 | 1.845098 go | 1.954243 
TI | 1.041393 || 31 | 1.491362 |] 51 | 1.707570 |] 71 | 1.851258 |] gt | 1.959041 
12 | 1.079181 || 32 | 1.505150.|} 52 | 1.716003 || 72 | 1.857332 92 | 1.963788 
13 | 1.113943 |} 33 | 1.518514 I 53 | 1.724276 || 73 | 1.863323 93 | 1.96848 
14 | 1.146128 |} 34 | 1.531479 |] 54 | 1.732394 || 74 | 1.869232 94 | 1.97312 
Is | 14176091 |] 35 | 1.544068 |] §5 | 1.740303 |] 75 | 1.875061 95 | 1.977724 
16 | 1.204120 || 36 | 1.556302 |] 56 | 1.748188 || 76 | 1.880814 || 96 | 1.982271 | # 
17 | 1.230449 |] 37 | 1.568202 |] 57 | 1.755875 || 77 | 1.886491 || 97 | 1.986772 | 
18 | 1.255273 |] 38 | 1.579784 |i 58 | 1.763428 |] 78 | 1.892095 98 | 1.991226 | F 
19 | 1.278754 || 39 | 4.591065 || 59 | 1.770852 || 79 | 1.897627 |] 99 | 1.995635 
20 | T.301030 |} 40 | 1.602060 || 60 | 1.778551 { 80 | 1.903090 |] 100 | 2.000000 


gy ere 


“TABLE XXIV. 9? | 
BOGARITHMS OF NUMBERS. 


No. 1000 1600 Log. 000000 204120 
No. 0 1 A hae 4 5 6 7 8 9 | Dif. | | 


—_— — |) | | Cc 


LOO |000000]000434}0008 68 }OOL 301/007 7 34}002166|002598]003029|003460j003891] 432 
TOL |004321|00475 11005 180|005 609]}006038|006466|006894|007321|007748/008174| 428 
102 |008600/009026]00945 1 |009876]010300/010724|011147/O11570|O11993/012415] 424 
103 |012837/0132591013680|014100]014520/014940/0I5 360/01577g9|016197/016615] 420 
104 |017033/017451|0173868/018 284/018 700/01 g1 16/0195 32/019947 1020361020775] 416 
105 |021189|021603/022016/0224 28/022841/02325 21023664|0240751024486|024896| 412 
106 {025 306/025 715|0261 24/0265 33/02694 21027 350102775 7/0281641028571|028978] 408 
107 |0293841029789|030195 |030600|031004]031408]0318 1 2/032216/03261g9/033021] 404 
108 |033424/03382610342271034628/035029/0354 3010358 30)036229/036629/037028] 400 
109 ]037426|037825|03822310386201039017/039414/03981 11040207|040602/040998] 397 


esencieees | ceeeententnenees | aemcenmemmenees fom | ements | mn see | ee feet | eee | nen | ne ae eee | Stennett, ¥ 


TIO |O41393/041787/04 218210425 75/042969]043 362104375 51/044148]044540/044931| 393 
TIT |045323}045714/046105 |046495]0468851047 2751047604104805 31048442]048830] 390 
112 ]049218}049606)049993/050380}050766/05 115 2/0515 38105 1924/95 2309/05 2694] 386 
113 |053078]05 3463105384605 4230105451 3105.4996|05 5 378105 5 760105614210565 24] 383 
, 114 [056905]057286]05 7666/05 8046/05 8426)058805|059185105956310599421000320] 379 
II5, |060698|061075}06145 2/0618 29/062206]062582}06295 8/063 3331063709|064083} 376 
T16 |064458}0648 321065 206/065 580106595 31066326106669910670711067443/067814| 373 
117 [0681860685 §7/0639231069298}0696681070033/070407|070776|071145|071§14] 370 
TIS ]071882/072250107 2617107 2985107335 2107 37131074085107445110748161075182) 366 
IIQ }07554710759121076276|076640|077004]077 368/0777 311078094 078457/078819) 363 _ 
120 10791811079543}079904]080266/0%0626]/080987/081 347/081 70710820671082426] 360 
T2I |0827851083144/08 3503/08 3861/084219/0845 7610849 34/085 291/08 5647|086004} 357 
122 |086360/086716}08707 11087426/087781|088136/088490/088845 |089198|0895521 355 
123 ]089905]090258)09061 11090963|091315|091667|092018/092370/0927211093071} 352 
124 |09342210937721094122/094471/094820)095 169]095518)095866)096215/096562! 349 
125 |095910|097257|097604|09795 11098297|/093644|098g990/099335|099681|100026] 346 
126 {100370}100715|10L059] 101403] 101747|1O2090|1024.34|102777|TO3TIG|103462| 343 
127. 1103804] 104146]104487| 104828] 105 169|10§ § 10}10585 1/1064g1]106531/100870] 341 
128 |107210|107549]107888/108227/108565|108903/109241|109578|10991 4110253] 338 
£29 |T10590}110926/111262/111598/111934/112270|112605|11 2940111 3275|113609] 335 
130, }£13943|114277/114611/114944)115§278/515610/115943)116276|1 16608) 116940) 332 
131 |117271|117603/117934/118265|/118595|118926|119250|119886]1 19g15]1 20245] 330 
132 |120574]120903]121231/121560/121888|122216|122543/1228771/123195/123525) 328 
133 [12385 2)124178/1 24504/1248 30) 125156/125481/125806|1263 2rIF2AAcAIY 96731) 325 
134 |127105|127429|12775 211 28076/128399|128722]129045|129368|129690|130012| 323 
135 |130334]130655)130977|131298/131619]131939|132260]32580|/132900/1 33219] 324 
136 |133539|133858|234177|/134496|1348 14/1 35133/135451|135708/136086|136403) 318 
137 |1307211137037|137354|137670|137987|138303/138618/1 38934/139249|139564| 316 
138 |139879)140194)140508]140822/241136/141450/141763)142076|142389|142702| 314 
139 |143015|143327/143039|14395 1)144263|144574/144885/145196|145507|/145818) 311 
140 |146128/146438)/146743|147058/147 367|147676)147985|148294|148603|148911| 309 
IAI |149219|1495271149835|150142|150449|150756|15 1063|1§1370|151676|151982} 307 
) | £42 1152288}15 2594/15 2900/15 3205/1535 10/15 3815|I54119/154424|1§47 281155032) 305 
Pe) 143 1155336|155640)155943/156246|156549|1 56852115 7154/1574571157759|15800L| 303 
144 |1§8362]158664)158965|159266]159567|159808/160168)}160463|16076g|161068 
145 |161368|161667|161967|162266|162564|162863/163161|163460|163757/164035| 298 
146 |164353|164650|164947|165 2441165 541|165838|16613.4|166430/166726|167922| 296 
147 |167317|167613/167908/1682031168497|168792|169086|169380|169674|169968] 294 
148 “|170262/170555/170848/171141|171434]171726|17 2019) 17 2311|172603/172895| 292 
TAQ. 173186) 173478)173709|174060|174351|174641/174932|175222|1755121175802) 290 
150 |176091|176381|176670|1769591177248|177536|£77825/L78113|178401|178089} 288 
I§I |178977|179264]1795 5 2|17983g|180126|18041 3 130699! 180986 ¥81272/181558) 287 
152 131844 182129]£82415|182700|182985|183270|183554|183839|184123|184407| 285 
153 |184691|184975/185259|185542/185825|186108/136391|186674|186956|137239| 283 
154 |£87521|187803/188084|188 366|188647|188928/189209)189490|189771/T9005T| 281 
155 }190332|190612|190892|191171|191451|191730/192010|192289|192567!192846) 279 
_ 156 |193125]1934031493681|193959|194237|194514]194792|195069|195346|195623| 278 
157 |£95900|196176|19645 2|196729|197005|197281|/197556|1978321198107|198382| 276 
158 |198657|/198932]199206]199481|199755| 2000291 200303|200577|2008 50/207124! 274 
159 |201397|201670|20194 3|202216|202488] 202761|2030331203305 12035 771203848 272 
O ide? 24) Oi A | 6 ee OO 


Ke NW ; 


No. 


ee | | | 


‘160 
161 
162 
163 
164 
165 
166 
167 
168 
169 


ee} | | | — | eS f | SE | 


170 
171 
172 
173 
174 
i 

176 
177 
178 
179 


———$—$————— | | | | — |! Sf | | | | - | 


180 
181 
182 
133 
184 
185 
186 
187 
188 
189 
1g0 
IgI 
192 
193 
194 
195 
196 
197 
198 


201 


— ~~ | ———————— | | — | | S| ee | | — | 


199 


————— | — | — | | | |) | | | -—_ 


200 


206 


208 


202 
203 


214 


215 
216 
217 


218 


TABLE XXIV. 
LOGARITHMS OP NUMBERS. 


No. 1600-——-—=2200 Log. 204120-———— 342423 


0 1 2 3 -£ 9) 6 7 8 


2041 20]204391/ 204662/20493 3/205 204|205475|205745|206016/206286/2065 56 
206826] 207095 297365|207634/207903|20817 2120844 1/2037 10/20897%|209247 
209515] 209783) 21005 1/210318/210586/21085 3/21 L120) 211 388}2T 16s 4]21 1927 
212188 212454/212720 212986]21325 2/2135 18|213783/214049/214324/214579 
2.14844/215 109/215 373/215038/215902/21 6166/21 64 30/216694)21695 71217221 
217484)217747|218010/21827 3/2185 35/2187938]219060/219322/219584|219846 
2.20108} 220370/220631/22089 2/22115 3/221414/221675/221936]/222196}222456 
2.227 16/222976|223236/223496/223755 122401 5122427412245 331224792)225051 
2.25 309/225 568)225826/226084/226342/226600|2 268 5 8}227 115122737 21227630 
227887122814.4/228400]228657/22891 3/2291 70}2294 26] 22968 2}229938]2 30193 


2.30449]230704/230960]23121512314 70/2317 241231979] 2322331232488] 232742 
232996/233250)233504/233757|23401 1/23426412345 17/2347 70|235023/235 276 
2.35528 Ei pon 236033}236235|236537/230789|23 704 1/237 292/2375441237795 
2.38046)238297|238548|238799}239049] 239299|2395 50|239800|240050} 240300 
240549|240799}24 1048/2.41 297/241 546) 241795124204.4/24229 3]242541/242790 
243938] 243 286) 2435 34/24 37821244030|24427712445 24/244772/245019}245 266 
245513]245759]246006/24625 21246499/246745|24699 11247 236/247482| 2477 28 
24797 31248219/248464]248709/248954|249198|2494.43]2496871249932|250176 
2.50420|250664/250908]251151/251395}25 1638/25 1381/25 2125/25 2367|252510 
2§ 285 31253096125 3338] 25 3580125 38221254004) 25 4 306] 25.45491254790) 255031 


25527 31255514]255755/25 59951256236) 25647 7| 256718) 256958|257198/25 7439 
257679) 257918|258158/258398}258637/25837 7/25 9116/2$9355)/259594| 259833 
26007 1}2603 10|2605 48|260787|261025| 261263; 261501] 2017 38/261976|262214 
26245 1|262688) 262925 |263162/263 399) 263636] 26387 3/26.4109]264345|264582 
2648 18}26505.4/265 290|265 5251265 761/265996|266232}266467|266702) 266937 
2671721267406} 267641|267875}268 1 10] 268344268578] 26881 2|}269046| 269279 
269513)269746 269980] 27021 3|2704.46| 270679] 27091 2|277 £44|271377|27 1699] 
271842127 2074127 2306/2725 38|27 2770] 27 3001| 27 3233127 3464/27 3696) 273927 
2741589 74339|274620/27485012750811275 311/275542/2757721276002|276232 
2'76462)276691|276921|27715 11277380] 277609: 2778 3812780671278 296)2735 25 
278754127898 21279210 2794391279067 279895| 2801 2312803 51280578) 280806 
28103 3/281261/28 1488/28 171§|28194 2} 282109) 282395|282622/28 2849/28 3075 
28 3301128 3527|283753/283979|284 205] 2844 31/28465,6]/284832)285 107/285 332 
285 557/285 782]286007|28623 2/2864 56) 28068 1 286905 | 2871 30/287 354/287578 
287802|288025|2882.49|28847 31288696) 2889 20) 28914 3/289 3606/2895 89|289812 
290035|290257|290480}290702}290925| 291 147/291 369] 291591|291813}292034 
29225 6/292478|292699]/2929201293141|293363)/29358312938041294025|294 240 
29.4466}294687|294907]295127|295347|295567|295 787 | 296007 | 296226) 2964.46 
2.96645 1290884|297 104/297 3231297542|297761|297979|298198|298416|298635 
29855 3129907 1/299289]299507|2997 251299943! 3001611300373} 300595/300813 


301030}30T 2471301464/301681|301898] 302114) 302 3311302547 |302764/ 302989 
303196)30341 2|303628}303844|304059] 30427 5] 304491) 304 7 00/3049 21/3051 36 
305 351/305 566/305 781/305996]306211| 306425 | 306639] 306854! 307068/307282 
307 446}307 7 10) 307924|3081 37|30835 1/3085 64/3087 78! 308991/309204) 309417 
309630}30984 313 10056/310268}310481/31 06g 3/3 10906] 31 1118311 330/311542 

1175§4|31 1966) 312177|312389|31 2600] 31281 2/31 3023] 31 3234131344513! 3056 
313867131407813142891314499]3147T01314920/315 1301315 340|315550|315760 
315970]316180/316390/316599) 316809] 317018) 317 227/317436)/317645 317854 
318063] 318272/318431/318689| 318898) 319106) 319314]3195 22/3197 30) 319938 
3201 46|3 20354] 3205 621320769] 320977| 321184! 3213911321 598/321805|322012 


322219|322426| 32263313228 391523046] 32325 2) 3234581323065 132387 11324077 
3242821324488) 324694 | 3248991325 105| 325 310/325 51613257 211325920/3261 31 
3263 36)3265411326745|326950132715 5/327359|3275631327 797132797 21329170 
328380} 3 28583}3287871328991/329194)329398) 329601329805 |330008/3 30211 
330414|33061 7|33081G] 3340221331225) 331427|/33163013318321332034|3 32236 
332438)332640]3328.42/3330441333246) 333447) 333649|333850| 33405 1/ 334253 
334454]3 3465 5133485613 35056133525 7|335458)335658]335859| 330059|330260 
336460)3 36660) 336860|33 7060) 3372601337459] 337659]337353|33805 8] 333257 
338456) 33865 6) 33885 5133905 4133925 3) 339-451 |3390501339949|340047|340246 
340.444]3406421340841}34 1039} 341237) 341435 341632/341830/342028| 342225 


————. | ———— | — | | | _. ) ——_  — ) —  O 


1 5 6 8 9 


6 


2 3 


Diff, 


me me re Ff ef | | | 


271 
269 
267 
266 
264 
262 
261 
259 
258 
256 


255 
253 
252 
250 
249 
247 
246 
245 
243 
242 
241 
23 

23 


(237 


235 
234 
233 
232 
230 
229 
228 
227 
226 
225 
223 
222 
221 
220 
219 
218 


217 
216 
214 
213 
212 
air 
210 
209 
208 
207 
206 
205 
204 
203 
202 
202 
201 . 
200 

I 

19 


~E S eas 


a ee FE |= —— _] 


ec eres | meee | eens | ene | eee | ay cee | ee | ee | een | seme fs 


3961991396374/396548}3967 22 


eee ——E 
—_— | | | EO —_  ——_ | LC * 


_——. 


TABLE XXIV 
LOGARITHMS OF NUMBERS. 


2.800 Log. 342423 4471 58 


0 7 ‘2 3 4 a) 6 


3424231342620; 342817 343014 34321 2|343409]343606 
3443921344539] 344785] 344981 1345178] 345 3741345570 
3463531346549] 346744] 3469391347135/347 3301347525 
348305 |348500| 348694] 348584134908 3/34927 8134947 21349666) 349860) 350054 
3502481350442 350636} 3503 29135 1023)/3512161351410/ 351003 351796 351939 
3521821352375] 352503135 27011352954) 35 31471353339|35353213537241353916 
354108)354301/3544931354085 /35437 6135 5063)35 5 260/35 5452|3550431355334 
350026} 356217] 356403}3565 991356790) 35698113571721357303/3575541357744 
357935135812513583161353500)358646)358386)3590761359266/359456|359646 


1343802)343999)344190 
345766)345962|346157 
3477 20|347915|343i10 


es _ as ee nn ? eS EE ee ee Eee 


3617281301917] 362105] 362294136248 2136267 1136285 9|363048/363236/363424 
3636121363890] 363938] 3641761364 363/364551|364739/3649 26/305 113|365 301 
365483|3056751365862/366049 366236) 3664231366610] 366796|366983 367169 
307 35613675421 3077 29]367915 1308101 | 368287| 36847 3) 368659|368344| 369030 
369216}36y401|369587| 369772136995 8/370143|370328| 3705 131370093/370883 
371068]37125 3137 14371371622137 1806/37 1991/37 2175137 23601372544] 372728 
372912) 373096] 373280137 34641373647 137333113740] 5|374193|3743821374565 


- 1374748]374932]375115|375298/375481/375664]37 5846) 376029)/37621 2376394 


379577|379759|370942)377124137 7306/37 7488/37 7670|37 735 2/378034/378216 
378398]378580|378761 137894313791 24137 9306137948 71379568 |379349]380030 
380211]3803921 38057 3] 3807 54)3809341381115/391 296/38 1476|381656)/381837 
38201 7|332197|382377|/ 38255 71382737 |382917 [333097 |383277 38345 0/383036 
383815383995 |/3841741384 35 3[3345 3313847 12) 384891/335070/385 249] 385428 
385606}385 7851385 964/38614 2/3863 2 | 3864991336677 | 3368 56|387034/387 212 
337 3901387 568] 387746] 337923] 388101 | 388279138845 6/383634/333811/383g989 
389106/38934313895 20138959 7138937 5|39005 11390228) 390405 |390582| 390759 
390935|391112/391288/391464]391641/39181 7/39 1993}392169|392345|392521 
39269739287 31393048)393224|393400/393575139375 11393926|394101 1394277 
39445 2|394627|394802|394977 [395 1521395326/395501|395076|395850/396025 


397940}3981 14] 398287/3984611398634/398808/398981/399154|399327|399501 
3990741399847 |400020|4001 921400365 /4005 38140071 140088 31401056|401228 
401400!401573|401745 401917 402089]40226114024 331402605 |4027771402949 
403120403 2y2| 4034641403035 1403807140397814041491404320|404492|404663 
404834]405005|405175|405 346/405517|40§6881405858|406029|406199|406370 
40654014067 10) 40088 1|40705 1|407 2211407 3y1|407 5611407731 |407900|408070 
408240/408.410]408579|408749]408918|4090871409257|409426|409545|409764 
409933}4101021410271|410440/41060814107771410946/411114|411233/411451 
411620]411788]411956/4121 24141 2292/41 2460)412628)41 2796/41 2964/41 3132 


414973}475142}415307/415474)415641/4158081415974/416141 416308410474 
416640) 410807}416973}4171 39/417 306141747 2/41 7633] 417804|/417970/418135 
418 301/418.467/41863314187981418964|419129|419295|/419460|419625|419791 
419956/420121]420286]4204511420616)420781/420945|421110/421275/421439 
421604/422703|4219331422097 '4222611422426/42259014227541422918/423082 
423246]423410|42357 31423737 |423901 4240641424228) 42439214245 5 s|4247 18 
42488 214250451425 208/425 3711425 § 34/425 6971425 860)4260231426186/426349 
426511 4266741426836 426999|427 1611427 324)427486)427648)/427811|427973 
42813514282971428459|428621|4287821428944|429106|429268|429429|429591 
4297 521429914}430075|43023614 3039814305 5914 307. 20|4 30881 /431042/431203 
43135414315 25|4310851431846/4220071432167 4323281432488|432049 432809 
432969}433129]4332901433450143 3610143377014 339301434090|4 342491434409 
434509}434728/434838|4350481435 2071435 366|435526|435635|435844|430003 
43616314 3532214 3648114 3064014 30798143695 71437 116/437 2751437433|437592 
4377511437909|4330671438226] 4383341438 542/438700/438859|439017|439175 
4393331439491|439648] 43980614 39964|440122|440279|440437|440594|440752 
440909] 441066) 443 224/441381/441538)/441695|441852)442009|4427661442323 
442480}4426361442793|442950]443106|4432631443419|443576/4437 32|443888 
444045)444201)4443571444513)4446691444825/44498 11445 15714452931445448 


4456041445760]445915|44607 114462261446 38 214465 37|44669214.46848|447003 


——— | | | fe ESA) Fe ee ——_—__—_— | ——_——_——_- 
———_——— ———— 


7 8 9 | Diff. 


ae | | —— 


396896139707113972-4513974181397 5921397706 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


3400 Log. 447158 $31479 
1 3 4 5 6 7 8 9 


447158)447313)447468|44762314477781447933| 448088] 448242} 44839714485 52 
448700|448361|4499T5|4491701449324144947814496331449787144994 11450095 
450249]450493/450557|4507 111450865145 1018/451172)451326]451479|451633 
451786]45 1940|45 2093/45 2247/45 2400]45 2553145 2706]45 2859/45 301 2/453165 
453318145 3473145 3624145 3777145 393014540821454235145438714545401454692 
454845|454997|455149]/455 3021455454145 5606145 5753/4559201450062/456214 
456366)456513/456670/456821145697 314571251457 2761457428145 75791457730 
457882|458033/4581841/458336)458487 1453638145 8739/45 8940]459091|459242 
45939214595431459694]459845 459995 400146] 460296) 4604474605 97|460747 
460898|461048|461198|461 3481461498|461649]/461799|4619481462098|462248 


462398]46254314626971462847|462997|463146/463296/463445|4635941463744 
463893}404042/464191|464 34014644891464639146478714649361465085|465234 


2 14653831405 5321465 680/465 8291465 97714661 26|466274|466423146657 11466719 


466868|467016|467 1641467 312/467 460|467608] 46775 6/467904146805 2/468 200 
468347 |46849 5146864314687 90/4639 38)46908 5|46923 3|469380)4695 271469675 
469822|469969|4701 16|470263]47041014705 §7|470704|47085 11470998/47 1145 
47129214714381471585/471732/471873)/47 2025/47 217 11472317147 2404147 2610 
47 2756]472903 473049 473195}473341|47 3487/47 3633|473779|473925|474070 
47421614743621474508)47465 3|474799/474944147 5090147 5 2351475 38114755 26 


475671|475816147 5621470107 |47625 21476397147 6542|470687|476332/476976 


4771211477 266147741 1/47755 51477700147 7844147 7939|4781331478278|478422 
4785 66)478711/47885 51478999147 9143)4792871479431 147957514797 191479863 
480007] 4801511480294] 48043814805 8 2]4807 25|480869|48101 2/48 1156)431299 
48£443]4815861481729]481872/482016 182159/482302 482445|4825881482735 
482874148301614831 59/4833021483445|48 3587/4937 30148 3872148407 5|484157 
484300148444 2148 45841484727 1434869)48501 1/485 15 3)435 2951485 4371485579 
485721/485863}4860051486147|4862891486430|48657 214867 14148685 51486997 
4871381487 280}4874211487 5631487 7041487845 4879861488 127/488269/488410 
4885 § 148869 214888 33148897 31489 1 14]43925 5148939614895 371489677/489818 
48995 8)490099!490239/490380]4905 20]490661|49080I |490941/491081|491 722 


152 
151 
151 


150 . 


150 
149 
149 
148 
148 
147 
14” 
146 
146 
145 
145 
144 
144 
143 
143 


4913621491 502|491642/491782/491922)492062/492201/492341|4924811492621| } 


492760}492900]493040) 493179|493319|49345 81493597 493737 493876/494015} 1 


49415 51494294)49443 3/4945 72149471 11494850/494989|495 128/495 267|495406 
495544149563 3/49582214959601496099}496237/495376/4965 14149665 31496791 
4969 30|497068|497206]497344)49748214976211497759|497897/498035 498173 
498311|448443/498586)498724149886214989991499137/499275 1499412499550 
499687/49982.41499962|500099]§00236)500374}5005 11|500648)500785!500922 
501059]501196|501333/501470 §01607|501744|501880 502017|5021541502290 
§02427|502564|502700)502837|50297 31503 109|503246] 503 382/503 5 18)50365 4 
503791|503927|5040631504199|§04335|504471|504607|504743|504878|505014 


5.05 1§0]505 286] 5054211505 55 7|505692|505828}505963| 50609915062 34|506370} 


§06505|506440|506775|506911|507046]507 181/507 316|50745 11507586|5077 21 
§97856/507991/508125|508260]5 0839515085 3015056641508 799|503933|509068 
$09202|509337|50947 1]§09606)5097 40}50987 4] 5 £0008) 5 101.4315 10277510411 
§$10§45|510679)/51081315 10947]5 11C81/5 1£215|/511348)511482/511616)511750 


) (511883)§12077/512150/5 12284151241 71512551151 2684/5 128185 129511513084 


§132181513351]513484/513617|5 1375015 138831514016/514149|514262]5 14415 
§14548/514680/514813}514946|5 4507915 £5 2111515 344/515476|5 156091515741 
515874]§ 16006]5 16139]5 1627 1]5 16403}5 165 3515 16668) 5 16800] § 16932]5 17004 


§17196|5173281517460]517592)5177 24151795513 1£7987/5 18119! $1825 1/5 18382 


§ 18514|518645|518777|518909|5 19040]5 191 71|519303|5 1943415 19505519097 
51982815 19959]5 20090]5 202.2115 2035 2|5 20483|5 206014/520745/520876)5 21007 
§21138)5 21 269|521400]5215 3015 2106115 21792]5 2192215 2205 315 22143/522314 
52244415 2257515 2270515 2283515 2296615 23096]5 23226/5 23 3560/5 23485]5 23616 
§23746|523876|524006|5 2413615 2426615 24396|5 24520)524656)5 24725|5 24915 
525045 15251741525 30415 254341525 563]5 2509 3|5 25822|5 25951) 5 260815 26210 
52633915 26468]5 2659815 26727152685 6]5 2698515 2711452724315 273721527501 
§276301527759|527888|528016]5 2814515 28274|5 2840215 285 31/5 28660)5 28788 
528917|529945}5 2917415293215 2943015 295 59|5 29687 /5 29815] 5 29943]5 3007 2 


53020015 39328)5 30456) 5 30584]5 307 1215 30840) 5 30968! 5 31095/531223|531351 


Sak OS FR PO 


131 


131 
131 
130 
139 
129 
129 
129 
128 
128 


TABLE XXIV. 
1LOGARITHMS OF NUMBERS. 


No. 3400 4000 Log. 531479 602060 


B41 |§32754153288215 33009|5 3313615 33263/5 3339115 335 18/5 33045153377 21533899 
342 |534026)534153/53428015 34407/5 345 34|534661/§ 34787/§ 3491415 350411535107 
343 15352941535421/535547 1535674] 53580015 3592715 3605 315 3617915 30306 
344 153655815 30685] 5368 11/5 3693715 37063|5 3718915 37315|5 374.4115 375671837093 
345 -1537819|537945/53807 1153819715 38322|5 384485 38574) £ 3809915 38825|5 38951 
346 |539076]5 392025 39327|/5394521539578]539703|/5393829]5 39954|540079|540204 
347 |549329]54045 5]540580|540705| 5408 30]5 4095 5|/541080/541 205|5413301541454 
348 1541579]541704/541829/54195 3542078) 54220315 42327|/54245 2/542°76/542701 
349 1342525/542937543074/543199|543323/5434471543571/54309615 438201543944 
350 $44008|544192|544316|34444015445641544088]544812|5449301545000\545183 
351 |545307|545431/545554/5456781545802/545925/540049]5 401 72|546296|5 46419 
352 |546543|540666)546789/546913/547036|547159|/547282/547405|547529/547052 
353 1547775547898] 548021|548144]548 266) 54838915485 12/5480351548758/548881 
354 |549003|549126)549249/549371/5494941549616|5497 39/549861|549984]5 50106 
355 1550228155035 1/5504731550895/5507 £71550840]5 5096215 5 1084] 5 51206)5 51328 
356 1551450155157 2/55 1694] 551810/55 1938/55 2059/55 2181/5 5 23031552425) 552546 
357 |552668)552790|55 2911155 3033] 553154/553270/553398|553519|5 530401553762 
358 |553883/554004]554126|55424715 5430815 5448915 5461015 54731|/55485 2/554973 
359 |555994/555215/5553301$55457|555578|555099|555820|§ 559401556061|5 50182 
360. |556302|5564.23)55654.415 5666415 56785}556905/5 5702615 57146/557207|557387 
§57507|5576271557749|557803) 5 57988] 558108] 5 538228/§ 58348]5 58469]/558589 
5587091558829] 5539438] 5 59068) 5 591885 59308/559428/559548]559667|5 59787 
559907|560026)5 60146] 560265|560385|560504]560624|560743|500863|560982 
501 10T|561221/561340] 56145915615 73]561698|561817|561936/56205 51562174 
§62293|562412)5625 31/562650/562769/ 5628871563006] 563125|563244|563362 
563481|563600/563718]5638.37|563955|564074]564192|564311|564429|564548 
564666) 56478 4|564903|565021/565 1391555 257/505 376565494 ,565012/5657 30 
§65848]5 65966] 566084] 566202) 5663201566437/5065 5 5|566673/506791|5 66909 
567026) 5671441567262) 567379|567497|56751 4)567732)/567849|557907/56808 4 


— ee 


§ 30432 


68202)568319|558436|5685 541568671 [568788 

69374|569491|5 696038) 5697 25|5698421569959|/570076|/§ 70193)5 70309] 570426 
5705 43)5 70660) 5 707 76/5 70893157 101015711 26)571243/5713591571470)571592 
5 71709)571825|571942157 2058/57 2174/5 72291/572407|5725 23/57 2039|572755 
_ {$7287 21572988) 573104] 57322015 73336/57345 2157 3503/5 730845 738001573915 
§7403115 7414715 7426315 74379|574494|5746101574720|574841)574957|5 75072 
§75188]575303/575419|575534)575050|575765157588015 75996570111] 576226 
576341|576457|57057 2/5 7668715 7680215 76917|5770321577147 (5772621577377 
57749 2)577607|577721|5 77836157795 1|5 78006) 5 78181/5 782951578470] 57 85,25 
578639|5 787541578868) 578983) 579097|57921 2/57932615794.41 |579555|579009 
57978415 79898]5 8001 2} 5801 26]580240]58035 5|580469|580583/530697|§ 80811 
§80925|/§81039|/58115 3|58£267/581381|581495|581608/5827221531836/581950 
§820631582177|§82291/58 2404] 5825 1815826311582745|582858|582972/583085 
583199|5833121583426|583539|58365 21583765] 58337915 83992|584105| 534218 
584333/584444/5845 57/584670/58478 31584396) 585009)585 122/585 235/585 348 
§8546115855 7415350361585 799]585912|536024|5 861 37|5 86250|586362| 586475 
586587 |586700]58681 2|5369 251537037 5871491587 2621587 374|5874801587 599 
587711|58782315879351588047| 598 £60] 58827 2/583 384158849615 886081538720 
58833 2/588944|58905 6)589167|589279}539391|/589503]/58961 5/5897 26|589838 
589950}590061| 59017 31590284) 590396/5905071590619}5907 30/590842/59095 3 


— | | | | | | | | OS 


$91065|591175/591287/591399| 5915 101591621/§917321591843159195 51592006 
$92177|592288] 59239915925 10/5920211592732|59284315929541593004|593175 
§93286159339715935081593018|5937 29159384015 93950/§940011594171/594282 
$94393|594503|59461 31594724] 594834|594945159505 51595165 |595276|/595 386 
§95496[595606]595727|595827/5959371590047|59615 71596267|596377|590487 
59659715 96707159681 7|596927|597037/597146159725 61597 36615974761597585 
$97695}597805|5979! 41598024] 5981 34|598243/598353|/593462|/593572|59808T 
59879015 98900|5 99009] 599119|59922815§99337|599446|5995 561599665 |599774 
§99883}599992|600101|600210|60031 600428}6005 37|600646|6007 5 5|600864 
0097 3/6010 2|601190|601 299]601 408/601 517 


0 1 2 3 4 5 


6 7 8 9 


1 2 3 4 5 6 q 8 9 
340 §31479|531607|5.31734|531862|5 3199015 321171532245|5 32372 3325001532627| 128 | 


I21 
121 


120 
120 
120 
11g 
11g 
1ig 
11g 
118 
118 
118 


§68905]5690231569140}569257! 117 


1i7 
1i7 
116 
116 
116 
IT5 
115 
115 


114 


1i4 
134) 
It4 
113 
113 
113 
Ila. 
‘T12 
112 
112 


Thi 
igi 
Til 
IIo 
TIO 
I1o 
110 
109 
109 


601625|601734|601843/601951] 10g . 


102 TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 4000——-4.600 Log. 602060———66 27 58 
1 2 3 a 9) 6 7 & 9 | Diff. 


400 }602069]602169|602277|602386602494|602603/6027111602819/602928/603036] 108 
401 [603144/60325 3|603361|603469 603577|603686/603794/603902|604010/604118} 108 
402 1604226]604334/604442|6045 50/604658]604766/604874/60498 2|605089|605197| 108 
403 }605 305]605413/605521 605628)6057 36 605844/60595 11606059]606166/606274} 108 
404 |606381/606489|606596/606704/60681 1/6069 19|607026|607 133/607241|607348| 107 
405 (60745516075 621607669|607777/607884|607991/608098|608205|608312}6084 19} 107 
4060 {6085 26/60863316087401608847 (60895 4|609061|609167|609274/609381/609488} 107 
407 |609594|609701|609808]609914/610021|6101 28/610234/610341/610447/610554] 107 
408 |6106601610767|/610873/610979/611086/611192/611298/611405|61r511/611617} 106 
409 |611723/611829/6119 36/61 2042/61 2.£48)61225 4/61 2360}612466/612572|612678| 106 


en | | 


AIO 1612784]612890/61 2996/61 3101/61 3207 |613313/613419/6135 25/61 36301613736) 106 
AIL 16138421613947|61405 3/614159}614264|614370/614475|614581/614686/614792] 106 
412 |6148y7/61§003/615108/615 213/615 319/615424/615529]6156341615740/615845] Los 
413 1615950/616055|610160|616265 616370161647 5|616580/616685|/616790|616895] 105 
414 |617000]617 105/617 210/617 315/61742016175 24]6176291617734)617%39|617943] 105 
415 {618048/61815 31618257 |618 362/618466/6185 71/618675|613780/613884/618989] 105 
416 |619093/619198/6193021619406/619511|619615]619719/619823|619928|620032| 104 
AI7 |62013616202401620344|620448/6205 5 2|62065 6/620760/620864]620968|621072} 104 
418 $627176/621 2801621384/621488)621592|621695|621799]621903/622007/622110] 104 
419 |622214]622318/622421/6225 25|622628/62273216228351622939/623042/623146} 104 


ef | | | | FS | | ds I OO 


420 1623249]62335 3/62345 6/6235 59/62 36631623766)623869]6239721624076/624179] 103 
A421 16242821624 385/624488/624591|624694/624798}624901/625004|625 107/625209] 103 
422 16253121625415|625 5181625 621/625 724/625827/625929|626032/6261 351626238! 103 
423 1626340/626443/626546|626648/62675 1162685 :|626956)527058/627161/627263} 103 
424 1627 366|627468]627571|62767 31627775,6278781627980|62308 2]628184/628287| To2 
425 }6283891628491/6285931628695 (628797 |628900|629002|629104|629206/629308] 102 

26 162941016295 11162961 3/6297 15 |629817|629919}630021|630123/630224/630326] 102 
427 163042816305 3016306316307 33/6308 34/6309 36)631038/631139/6312411631342| 102 
428 16317444/6315451631647/631 748/63 1849]63195 1163205 2163275 3163225 51632356] OL 
429 [63245716325 58/63 2660/632761/632862/632963163 3004/63 3165/6332661633367| LOT 


430 (63346816335 69}6336701633771/63387 2/63 397 3]03407 41034175 |034276/634376| LOI 
431 163 4477|634578]63467916347 79|634880/634981 15350811635 182/635 283/635383) IOL 
432 1635 484/635 584}635635|635785 1635886 /6359861636086/636187|636287|636388| 100 
433 |636488/636588|636683}636789|63688916369891637089]/637189|637289|637390| 100 
434. 16374901637 5901037690/937790/637890|637990}638090|638190|638289/63839| 100 
435 1638489/638589|/638689]538789/6388881638988|/639088]639188]6392871639387| 100 
436 |639486/639586/639686|639785 1639885 |639984|6.40084]640183/64028 31640382] 99 
437 |640481|640581|640680]640779|640879|6409781641077|641176/641270)641375| 99 
488. 1641474]6415§73/64167 2164177 1/641870/641970/642069|64216816422671642366| 99 
439 1642464/6425631642662/642761164 286016 1295 9]643058/643156/64325 51643354] 99 


ee ef | | | | | | 


440 1643453164355 11643650/643749/643847|643946)644044/64414 3164424 2164.43.40] 98 
441 [644439/644537|644635 16447 34/644832/64493 11645029]6451271645226/645 324] 98 
442 16454221645 5201645 61916457171645815 1645913164001 11646109|646208|646306) 98 
443 |646404|646502|646600|646693/646796|646894|6469911647089/647187|647235| 98 
444 164738316474811647579|647676/647774|64787 2/647969|6480671648165/648262| 98 


459 1653213165 3309/05 3405 165 3502/65 3598/65 3695153791165 3838)05 39841054080] 96 
451 |654176|654273/654369/65 4465/65.4562/654658/65475416548501654940|055042| 96 
452 16551381655 234165 53311655427|6555 23/65 56191655 71416558101655906|/65%002| 96 
453 1656098]656194|65 6290/65 6386165 6481165 6577|65667 31056769|656864|656960] 96 
454 |657056/657151/657247|65 7 3421657438105 75 34/65 76291657725/6578201657916| 96 
455 |658011|658107/658202|658 298/698 39 3/658488/65858.41658679\653774|658870| 95 
456 |6589651659060/6591551659250/659346/65944 1/6595 3616596316597 26659821] 95 
457 |659916|6600111660106}660201|660296|660 291 |660486}660§81|660676]660771| 95 
458 |660865|660950|66105 5661 150]66124 5/661 3 39/6614 3416615 29|6616231661713) 95 
459 |661813/661907|662002|662096|6621911662285|662380|662474|662569}6626631 95. 


| | | | —_ —————— | 
— — ee | 


TABLE XXIV. 103 
LOGARITHMS OF NUMBERS, 


_ 


No. 4600———~5 200 Log. 662758 710003 
No, 0 1h 6 he | 3 4 5 6 7 8 9 | Diff. 


ce | ff | | | | 


ERI FERN Sih at e| e e  He eee ee Hee ee arn et kosaeeemaee anid URE eed APT SPSS ha 


SORES Shee. Seok | | SES pe es es 


———_— |__| | | | 


500 |6989701699057/6991.44]699231/699317|699404)099491|699578|699664)099751] 87 

501 699838|699924|70001 1|700098]70018 4|70027 1170035 8]700444/7005 31}700617 87 

502 400704|7007901700877]700963}7010§0|70T 1 36/701 2221701 309|701 395|701482 86 

503 |701568]70165.41701741/701827|7019T 3|701999]702086]702172/702258|702344 86 
§04 |702430]702517|702603|702689|7027 7 5|702861)76294 7)793033/703 1191703205 
505 |703291|7033771703463|7035491703635 |703721|703807| 7038931793979|704005| 86 
506 |7041501704236}704322/7044081704494|704579|704065|7047511704837/704922| 86 
507 |70§008]705094|705 179/705 2651705 350|705436]795 52217056071705693/705778) 86 
508 708 864/705 949|706035|706120]700206|70629 17063 76|706462|706547|700632 85 
309 |706718|706803|706888|7069741707059|70714.4|707 229|707315|707400/707485|_ 85 


— = testa at SAAS GMD pag PASE PSEC i iil |} SE Nc ne eee ac ee bcamer-uae~coned Enea Sanee-ard METGT: TSE ETAL SOLON) rere 


511 703.421/708596]7085911708676|708761|7088.46|708g 31|70901 5 |70g100}709 185 85 
512 |709270170935 5170944017095 24]709509|709694|7097791709863}709948/7 10033) 85 
513 4101 19|710202|710287]7 1037117 10456|7105 40171062517 107 10|7 1079417 10879 85 
§14 |710963]711048|7£1132|711216|7 11301 |711385/711440)71155.4/711038)7117 23 84 
515 711907}711892|7 11976|7 1 2060]712144|7122291712313|712397|712491/7 12566 34 
514 |7126s0l7127 34/7 £2818]7 12902171 2986)7 1307017131 5.4|713238|713322|7 13400 84 
517 17134901713574|713653|713742|713826|713910|713994|714078|714162/714246| | 84 
518 |714330/714414|714497/714581|714665|714749|724832171491617 1 5000)7 15084 84 
519 |715167]715251|715335|715418/715502|7 15 586|7 1560917157531715836|715920}__ 84 


0 ] 2 3 4 5 6 7 8 


104 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 5200 5800 Log. 716003 763428 
0 1 2 3 1 4 5 6 7 8 9 


716003/716087|716170)71625 4) '16337|7164211716504|716588/716671|716754 
716838)7 16921}717004|7 17088} '17171)717 25 4)717338|71742117175041717587 
417673/797754|717837|717920\7 18003]7 18086]7 18169]71825 3|7198336/718419 
718502/718585|718668/718751|7 188341718917|7 19000!7 19083|719165|719248 
719331|719414|719497|719580|719663)7 19745|7198 28/7 1991 1/7 19994]7 20077 
7201 5§9|7 20242] 7 203 25|7 2040717 2049017 2057 3172065 5|7 207 38/7 20821|7 20903 
720986|7 21068)7 2115172123317 21316/721398]721481/721563}721646/721728 
72%811|721893|721975|7 2205817 2214017 22222/722305|722387|/722469|9 22552 
722834)7 227 £6]722798)722881|722963)7 23045)7 23127|723299/7 2329117 23374 
7234 56)7 235 38|7 2362017 2370217 23784] 72380617 2394817 2403017 24112724194 
724276|7 24358)7 2444017 245 2.217 24603)7 24685]7 24767|7 24849)7 24931|7 25013 


17 25095|7 251761725 25817 25 34017 254 2217255037 25585|725607|725748/725830 


728912|725993]7 2607517 26156|7 2023817 2632017 26401|7 2648317 205641726646 


17267 27|720809|7 26896}7 2697 2|72705 317 27134|727216)/7272971727379|727460 


72754117 276231727 70417 277851727866] 727948) 728020] 7 281 10]7 281911728273 
7283541728435 172351617 28597|7 28673)7 28759) 7 2884117 28922|7 29002|7 29084 
729165|729246)7 2932717 29408) 72948917295 70}7 2965 1172973217 2981 3|7 29843 
729974|7 3095 5]7301 3617 30217|7 3029817 3037817 3045 9]730540|7 30621|7 30702 


8 |73078217 30863)730944|7 31024]7 31105/7 311867 31266/731347|7 314281731508 
731589|7 31669}731750]731830|7 3191117 3199173207 2173215 217 322331732313 


732394|7 3247417325 55|732635|7327151732796)7 3287617 3295 6/733037|7 33117 
73319717 33278)733358|7 3343817335 18)7335981733079]733759|7339391733919 


Diff. 


83 
33 

3 
83 
83 


oe 


733999|734079|734159|734240|7 3432017 3440017 3448017 345 60173464017 347 20} | 


734800]7 3488017 34960)7 35040735 £20]735 2001735 279!7 35 359|7354391735519 
735599|7359791735759|735938|73591817 35998|7 3607817 3615 7/7 30237|7 30317 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 5800 6400 Log. 763428 806180 
0 L 2 3 4 5 6 7 8 9 | Diff. 


——— —— | en ee | ef 


763428)703503|7635 78176365 37637 27|7638021763877|76395 2/764027|764101 
704176|76425 |764326|764400/764475|764550|76462417646991764774| 764848 
7©4923}7 04998]7 0507 21705 147|765221)765 296)765 3701765445|765 5 20]765 594 
765,66917657431765818]765892|765966|766041|766115}766190]7"66264|766338 
76041 3|766487|7665621766636)766710)766785|766859|7669331767007|707082 
7671561767 230|767304)767379|76745 31707527|767601176767 5767749767823 
767898|767972|768046|768120}7681941768 268]768 34 21768416}7684901768564 
768638)768712)7687861768860}768934]769008 76908276915 61769230|769303 
769377|799451|769525|769599|79967 31769746) 7698 201769894|769968]770042 

589 _}779115}770189|770263}77033617 7041017 70484)7 705 57|7706311770705)770778) _74 

§9° 177085 2177992617 70999|77 1073177 1146|771220]7712931771367|7714401771514 

591 1771587|771061|77 1734/77 1808) 77 1881]77 195 5|772028]7 7 210217 721751772248 

592 |7723221772395 177 2408]7 72542177 2615177 2088177 2762177 2835|77 29031772981] © 

§93 177395517731281773201|7732741773349177342117734941773507|7730401773713 

594 |1773786177386017 7393317740061774079177415217742251774298]7 743711774444 

595 1774517|774590|774063177473617 74809] 774882177495 51775028775 1001775173 

596 17752461775319|7753921775405|775539)77 50101775 083|7757501775929|775902 

$97 1775974|779047 17761 201776193177620517 76338177641 1177648317755 56/776629 

598 |776701|7767741776846)7 769191776992|77 706417 771371777 2091777 2821777354 

599 |777427|777499 1777572177744] 7777217|777789|7 77862177 793.4|778006/778079) _73__ 


600 |778151/7782241778296/778368|7 78.44 1)7785 13177858517 78058]7787 30|778802 

Gor 7788741778947 {77991917 79991|7791631779236)779308|7 79380177945 2|7795 24 

602 |779596|779069|7797411779813|779885|779957|780029|7 8010178017 3) 78024 5 

603 |780317|780389|78046117805 33|780605]780677|780749}780821|780893|780965 
781037|731109|781181/78125 3/781324| 781 3961781468781 540]781 61 2|781684 
781755|781827|781899]78197 1|782042]782114|782186|782258/78232G] 732401 
78247 3|782544|782616]78 2638/7327 59/782831|782902|7829741783046/783117] . 
783189|783260)783332|783403|78 347 5|783546|783618|783039|783761|783832 
733904|783975|784046|784118)784189]784261|784332|78440317384475|7845 46 
784017 |784089|784750}784831/784902|784974)785045)7851101785187/785259|_ 7 
785 339|785401|785 4721785 543) 78561 517856861785 75 7|785828]7 858991785970 
786041|786112|786183}78625 4|7863251786396|7 8646717865 38|786609|736680 
7867 51|786822|786893|786964|787035|787 106/78717 717872481787 319|787 390 

3° $787460|787531|787602178767 31787744) 737815 |787885|787956|788027|788098 
788168]/788239|788 3101788 381178845 117885 22/78859 3178806317887 341788804 
78887 51788946|789016|789087|78915 71789228)789299}789369|789440|7895 10 
78953178965 1|7897221789792|789863|789933|79000417900741790144|790215 
799285 1790356|790426}799496}790567)790637|790707|7907 78|790848}7909 18 
790983179 1059]7911 291791199] 791 269]791340|791410]791 480|791550 791620 
79¥69117917O1|791831/79T9OL|79197 11792041 |792111}7 9218179225 2792322 
7923921792462|7925 32|792602|79267 21792742/7928121792882179295 21793022 
79329217931 62179323 117933011793371179344117935111793581|79305 11793721 
79379217 93369|793930}794000|7 9497017941 39/79420917942791794349|794418 
79448817945 58]7946271794697|794767179483617949061794976]795045|795115 
795185|79525417953241795393|795463]7955321795002|795 711795 741795811 
7958801795949|795019|796088|7 96158|796227/796297|790366|7964 361796505 
790574|79664417967 1 31796782|7 9685 2} 796921 |796990|797060(797 1291797 198 
7972081797 33717974061797 4751797 5451797 0841797 083179775 2|7978211797890 
79796017 98029}7 930981798107 (7982301798305 |798374/7984431798512/798502 
9 1798651)79872017987891798858)798927|798996|799005 1799 134|799203)799272]_ 69 

799341|799499|799478}799547|799616|799685|799754|79982317998921799961 
800029|800098]800167 |800236|/800305 |80037 3/80044 2/8005 11|800580/800648 
8007 17|800786}8008 5 4|800923|300992|801060|801 1 29|801198/801 266/801 335 
801404|80147 2|8015.41 |801609|801678)801747|80181 5 801884/80195 2|802021 
§02089|802158/802226/802295 |802363/8024 32/802500}802568/802537|802705 
802774|802842|802910|/802979|803047|80311 6/8031 84/80325 2/803 321/803 389 
80345718035 25|803594|803662|/8037301803798|803867|8039 35 |804003|80407 I 
804139|804208|804276/804344|804412]804480|804 5 4818046 16)80468 5/3047 53 
[804821 8048891804957}805025|8050931805 161/805 229]805 2971805 3651805433] 68 
805 501/805 569]805637|805705|805 77 318058411805 908}80597 6|806044|806112 68 


1-0 1 2 3 4 5 6 7 8 9 
~O 


oe 


L, TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 6400 7000 Log. 806180 845098 
0 1 2 3 +4 9) 6 i 8 9 
8067231806790 
18074001807 467 
1808076/808 1 43 
30875 11808818 


} 


819544|819610|8196751819741/819807/81987 31819939|820004/820070|8201 36 
820201|820267|8203 3 3|820399/820464/8205 30/820595/820661/820727/820792 
82085818 20924|8 2099/8205 5/8211 20/8211 86/82125 1182131 7/821 3821821448 
821514|821579|921644/3 297 10/8 21775/821841/821906/82197 2/822037/822103 
822168/822233/822299/822364 18224 30/822495|822560/822626/822691/822756 
822822/822887/82295 2)823018/82308 3182314882321 31523279/823 3441823409 
82347418235 39/823005|8236070/3 237 351923800182 3865|82 39 30/823996)824061 
824126/824191}824256}8 2.4321 /824386/824451/824516/8245811824646/824711 
824776|824841/824906/824971 

825426 825491/825556 825621 


82633418 2639y1826464|8265 28182659 31826658 


§26981}827046|82711 £18271 751827 240/827 305 
827628/827092|827757/827821/827886/827951 


83058918 3065 3/8307 17/8 3078 1/8 3084 5|8 30909/8 3097 3/8 31037/831 102/831 160] | 
831230)831294/831358/831422/831486|/8315 50/831614/831678|8 317421831806 
83187018 31934/831998|83 2062/8 321 26/83 2189/83225 3183231 7/832381/832445 
832509|8325 73/832637|/832700|832754/8 328 2818 3 289218329568 3 3020/83 3083 
833147|833211/833275|833338/833402/833466/83 35301833593 /833057|833721 
833784833848 83391 2183397 5|834039|8 34 103/834 106|834230)8 3429 3/834357 
834421/834484/834548/8 3461 1834675 /834739/834802|834866/8349 291834993 
8 35056)835 120/835 183/835 24718 3 5 310/835 37 318354371835 5001835 5604/8 35627 
835691/835754/835817/835881/8 35944) 8 36007/83607 1/8361 3418361 97|830261 
836324/8 36387183645 1/3365 14/8 36577|836641/836704|3 3676718 368 3018 36894 
8 36957|837020|837083|837 146/837 210/837 27 31837 336/837399|837462/8375 25) 
83 7588/8 3765 2183771518377 73|83734 183 7904|837907|838030/8 3809 3/848156 
838219/838282/8 3334515 38408]8 3347 118385 3418 3559718 3866018 387231838786 
8 48849/8 3891 2/8 3897 §1839038/839101/8 39164'8 3922713 3928983935 21839415 
839478/839541/839604)839607/839729)8 3979283985 518299 18/8 3998 11840043 
4840196|8 401 69|8.402321840294184035718404.20/8.4048 21340545 |840608|840671 
8407 3318407961840859|8 4092 1840984/841046/84 F109|/84117 2/841234/841297 
841359}841422/841485|841547/841610/84167 2184173 5/841797|841860/841922 
841985)842047 (84 2110/8421 72184223 5|/842297|842360/842422/842484/842547 
42609184267 2/8427 34184 2796/8428 59|842921|8429831843046|8 4 3108/8431 70 
1843233184 3295/54 3357/8434 20)843482/8.435 44184 3606)843669)84 37 31/843793 
1843855 |843913)84 3980/84404 2/844104/8 44166)/844929184429118.4.435 31844415 
84447 7/8445 49/844001|8.446641844726|844788/844850|84491 2/84497 41845030 


2653 ee 9 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 7000 7600 Log. 845098 080814 
0 1 2 3 4 5 6 7 & 9 


8647481864808 
865 3411865400 


AAs 


72797 


75° 1875406|8755 24|87 5582 
751 |1875640|875 876043|8761021876160 


752 ae 876622187 6680|8767 37) ° 
2 


753 }876795 

754 18 

755 

750 22 

757 879096137955 3/879218)8 79208) 
758 187966918797 26|879784|879841 
759 |880242)880299}880356)8%041 3 


2 3 


377798|8772561877314 
3778321877885 


§ 108 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


Log. 880814 
6 7 


Q13814 
9 


8200 
2 


No. 7600 
0 


1 3 4 5. | 8 


880814 880871 8809281880985 881042 831099/381156 881213 881270/881328 ’ 5 


881385881 4.42/881499|8815 56/88 161 3/881670/38381727/881784/88 1841/88 1898 
881955188201 218820698821 26/88 2183/882240/882297|882354/88241 11882468 
8825 241882581/882638)882695|88275 2/88 2809/88 2866/88 2923/88 2980/88 3037 
88 3093|883150|883207/83 3264/88 3321/88337718834 341883491 188 3548/88 3605 
88 3661/8837 18/883775|88383 2/88 3888188394 5 1884002188405 9/8341151884172 
884229/884285|8843.42|884399|8844 5 5|8845 1218845 69|/884625 [88468 218847 39 
88.4795|88485 21884909]884965/885022/835078/885135|885192/835248/885 305 
885 361/885418/885 474/885 531/885 587/885 644|885 7001885757|88581 31885870 
885926885 983|886039|886096|88615 2|886209|886265 1886321 13886378/8364 34 


\ | | | | | | I 


— 


re | ff 


_——_—. 


88649118365 47|886604|886660/8367 16/88677 313368 29/836885 |886942/886998 
88705 418871111887 167/887223/887280/837 336/387 392/8874491887505|8875 61 
887617/887674)887730|887786|887842/887898|88795 588801 1/888067|888123 
883179/838236)888 292/888 3.48]/888404/888460/888 5 16/8885 73/888629|/88868 5 
888741|888797|88885 31888909|888g965|889021 [88907 7/8891 34/889 190/889246 
889302/889358|889414/889470/8895 26/8895 8218896 38/889694/8897 50/889806 
889862|889918]889974/890030]8g0086|8901 4118901 97189025 3/890309|890365 
890421/890477|8905 3318905 89|890644|890700|8907 5 6/8908 1 2/890863)/8g0924 
890980)891035|8g91091/891147/891203/891259}891 3141891370/891426/891482 
891537|891593|891649/891705/891760/891816|89187 2|891928)89198 3/892039 


Se ee ee ee a, i, Pn’ 


'892095|8y2150|8922061892262 892317189237 3/892429/892484|8925401892595 
892651/892707|89276218928 18/89287 3/89 29 29]89298 5 189 3040|/8y3096|R9 315 I 
8y3 207/89 32621893318/89337 3/893429/89 3484/8935 401893595 |89365 11893706 
8937628938 17189387 318939 28/89 3984)/8940391894094|894150/894205/894261 
8y4316)89437 1/894427/894482/8945 38/894593/894648/894704/894759/894814 
894870)894925|894980/895036]895091/895 146/895 201|895 257/895 312/895 367 
895423|895478|895 533/895 588/895 643/895699|89575.4/895809)895864|895920 
895975|896030|896085|896140/896195 |89625 1/896306|896361|896416/896471 
8965 26|896581|896636/896692|/896747|896802189685 7 189691 2|896967/897022 
897077|8971321897 187/89 7242|897 297189735 21897407 |897462|897517|897572 
897627|897682/897737|897792/897847|8979021897957 [89801 2|898067|898122 
898176/898231|/898286|898 341/898 396|89845 1 |8985 06/8985 62|89861 5/898670 
8987 25/898780|8988 3 5/898890|898944|898999|899054/899109|899164|8gg218 
89927 31899328/8993831899437189949 21899547 |899602|89965 6|89971 1899756 
8998201899875 |899930|899985|900039|90009419001 49|900203|900258}9003 12 
900367|900422|900476/9005 311900586|900640|900695 19907 49|900804|g008 58 
90091 3|900968|90102.2|/901077|g01T 311901 F86|go1 240/901 2951901 349|9O1 404 
901458}9OF §13]901567|901622|90167 6/9017 311901785|901840/901894/g01948 
JO2003/902057|9021121902166/9022.21 190227 519023 29|902384|9024 381902491 
JO2547|902.601|90265 5|902710|902764|902818}90287 31902927 |902981|903036 


SS | | | LC ff | Lf Se | | | 


9032901903144}903198/90325 3/903 307 [903307 |903416]9034 7019035 241903578 
9036321903687 9037411903795 |903849 190390319039 58/90401 2|904066}9041 20 
9041741904228/904283/904337/904391 1904445 |904.499|9045 531904607 1904661 
90471 51904770]904824|904878)/9049 3219049861905040|905094|905 148]g05 202 
9952561905 310}905 3641905 418/905.47 21905 5 26/905 §80]905 634/905 68819057 42 
995 7961905850]905904/905958|90601 2|906065 |g061 1g|90617 3/906227/906281 
926335|906389|90644 3/906497|9065 50|906604}90665 819067 1 2|906766|906820 
90687 3|$06927|906981|907035|907089|907 1421907 196/907 2501907 3041907 358 
907411]907465|9075 19190757 31907626|907680]90773419077871907841|907895 
997 9481908002|90805 6)908 10919081 63/908 217/908270|908 3.24|9083781908431 


908485 |908 5 39|908592)908646|908699|9087 5 3]908807|908860|908914|908967 


~19090211909074/9091 2890918 11909235 |909288]909 3421909395 19094491909 502 


9095 $6|909609}90966 319097 16] 9097 70|909823}90987 7|909930|909984]9 10037 
QI0O09O|910144\9LO1g7|g1025 11910304 191035 8191041 11910464|910§ 18}910571 
910624)910678/9107 31/9107841910838 9 10891]910944|g10998|91105 I|grI104 
QTIIS8|g LI 211/911 264/911 3171911371 (911424|911477/91 1530191 1584|911637 
9116901911 743/911797|\911850|91 1903/91 1956|912009|912063|912116|g12169 
9122221912275191 2328191238119 2435|912488]912541|9125941912647|912700 
912753191 2806/91 2859|9129131912906|91 3019}91307 21913125 |913178|913231 
913284191 3337191339091 3443/91 349619135 491913602191 365 5191 3708/91 3701 


-_—__— | | | ON | —_— | ——————— | ——__—__ | ——_—_ —_ | _—_——_———_—- 


0 1 2 3 t =) 6 7 8 


————— | — Ss |b ———————.s J | | Se I 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


8800 
9 


al 


No. 8200 Log. 913814 944483 
0 1 3 4. 5 6 7 & 9 
913814 9138067191 3920191397 3|914026/91 4079/91 4131 914184 914237 914290 


9143431914396|914449\9145021914555|914608|914660|914713|914706|91 4819 
91487 219149 25|914977|9£50301915083/915 136/915 189/915 2411915 294/915 347 


915400191545 3}915505/915 558/915 O11 
915927/915§9380|910033|910085|g161 38 
916454/916507|910559\916612|916664 
916980/917033]91708 5/9171 38/91 7190 
9£7505|917558/917610/917603/917715 
918030/91808 3/9181 35|913188}918240 
9185§5|918607/918659/9187 1 2)918764 


919078/919130)919183/919235/919287 
919601191965 319197059197 58\919810 
920123192017 5]920228/920280/92033 2 
920645|9206971920749]920801|92085 3 


915§664|915716|9157691915822/915874 
916191/916243/916296|91634G|916401 
916717|9167701/9168221916875|916927 
917 243|917 295/91 7348191 74001917453 
917768191 7820|91 787 3/917925|917978 
918 29291834 5/913397/918450|918502 


109 | 


918816/91836g/91892119189731919026 


91934919 19392/9194441919496|919549 
919862]9199141919967|920019/920071 
92038419 204 36,920489]9205 4119 20593 
920906/92095 8}921010/921062/92T114 


921166/921 218/921 270\921322/921374/921426|92147819215 30|/9215821921634 
921686/921738/921790|92184 2)921894|921946/921098/922050/922102/922154 
922206|9222581922310/922362/922414/922466/9225 18/9225 70|922622/922674 
9227251922777 obi 92.2831/9229331922985|923037/92308819231 401923192 
923244/92329619233481923 399192345 1192350319235 55|923607|92365 8/9237 10 


9 923762 9238141923865 |¥23917|923969|924021|9 2407 2/9241 241924176/924228 


2.4279}924331/9 243831924434 /92.4486|924 5 38/9245 89|92.4641|924693/924744 
924796|924848/924899]92495 11925002/9250541925 100/925 1571925 209/925 260 
925 31219253049 25415/925467/925 518/925 570/925 627/92567 31925 7241925770 
92582819258791925931|925982/920034|92608 519261 37|920188/926239)/926291 
926342|926394/92604451926497|9265481926600|92665 1192670219267 5 4|926805 
92685 71926908|926959|927011/927002|927114|927165|9272161927268/927319 
927 379|927422|92747 3/9275 2419275 76|927627/927678)9277 301927 781|927332 
92783 31927935|}927986|928037|9 2808819281 4019 28191|928242192829 31928345 
928396/928447|92849819285 49]928601|92865 21928703192875 41928805|928856 
928g08]/928959/9290101929061/9291T 2/929163192921 41929 206/929 31 7|929308 


-———————— | | | | | SO | | SE | SO I 


929419|929470|9295 21192957 21929623/929674|9297 25/929776|929827|929878 
929930/929981|9 30032193008 319 301 3.41930185|9 302361930287 19303 381930389 
930440193049 1/9305 41]930592193064 3/930694) 93074519307 961930847/930898 
930949/931000)93105 1/931 10219311 § 3/931 203/9312541931 305 193135 6|931407 


1932458/931509}931560|931610/931661/931712/931763/931814/931864/931915 


931966|932017|93 2068) 932118/932169/932220|/932277/93232119323721932423 
93247419325 2419325 78/932026|93 267719327 27/9327781932829|932879|932930 
932981/933031193 3082193 3133/9331831933234193 32851933335 1933390933437 
933487/933538/933588/9335391933690|933740\9337911933841 1933892) 933943 
9339931934044|93409419341451934195 /934246193429619343471934397/934448 


RS es | ea ete hed Eee ES Oe eg Pe es Pi ee PO ee eee ae, eee eee ee ee 


9344981934549}934599|934650] 934 7001/9347511934801|93485 21934902/93495 3 
935203]1935054/935104/935154/935 2051935 255/935 306/935 3561935400/935457 
93550719355 5819356081935 65819357091935759/935809/9358001935910|935960 
9360111936061|9361 11193616219 3621 21936262193631 319363631936041 3 936463 
93951419365 64/936614)936664|936715|936765|936815|936865 |936916/936966 
937016]937066/9371161937167/937 2171937 2671937 3171937 307/937 418937408 
93751819375 68/93761£8/937668|937718/93776919378191937869|937919/937909 
938019/9380691938119]9331691938219|9382691938 31919 33370/93342019 33470 
9385 2019385 701938620) 93867019387 201938770/9388 20/9388 709389 20938970 


—_———_ 


939020|93907019393 20|93917019392201939279/9393191939309/9494191939469 


939519 9395691939619/939669 939779 939769}939819}939868)939918/939908 
940018]940068)9401 18|940168}940218)}940267194031 71940367 1940417|940467 
9405 16}9405 66940616) 94066619407 16/940765|9 4081 51940865 9409151940964 
941014)941064|947114]941163/94121 3/941 263/941 3131941 302194147 2/941 462 
94151119415 61/941611/941660|941710/941760|941809|941859/941909|941958 


) 1942008]942058]/942107/9421571942206/94225 6)942306/94235 51942405 /94245 4 


94250419425 §4|1942603|/94265 3194270219427 5 2/942801 194285 11942900|9.42959 
943000|9 430491943099) 943148/943198)943247|943297/943346 1943390943445 
943494/943544/943593/943543|943692|943742|943791 1943841 9438901943939 


943989|944038}944088/9441 37/944186/944236)94 42851944335 1944384 /944433 


OMe Oo ie 4 eb nee ee | 


. 110 TABLE XXIV. .- 
: LOGARITHMS OF NUMBERS. 


No. &800 g400 Log. 944483 973128 
No. | 0 i 2, 3 4 5 6 | 8 9 | Dit. 
880 |9444831944532/944531/94463 1194468019447 291944779194482819443771944927| 49 
B81 194.19761945025/9450741945 12419451 7319452221945 2721945 321/945 3701945419] 49 


a . 


882 1G45409/945515]945567/94561 61945 6651945715 1945 76419458131945862\945911] 49 
883 1945961)940010]946059}946108/9461 571946207 194625 61946305 1946354/9416403) 49 | 
884 194645 2/946501!946550 adOousigab04y 9466981946747|946796/946845/946894] 49 | 
947139)947 189/947 238/947 287|947336/947385| 49 
947630194767919477 281947 777|9478201947875| 49 
887 1947924194797 3|948021/948070/948119/948168|948217/948266)9 483151948364) 49 
888 [94841 3/948462/948 5 1119485 60)948608}9486571948706}94875519488041948853] 49 
889 |948992/948951/948999/949048/949097)9491461949195/9492441949292/9493411__ 49 


885 |946943/946992/9470411947090 
886 19474341947493/9475321947531 


890 1949390/949439|949488)/9495 3619495851949034194968 3/949731/949780/949829] 49 
891 |949878]949926/949975/950024/95007 3/9501 21/9501 70/950219/950267|950316] 49 
892 1950365|9504131950462/9505 1119505 00/950608]95065 7|950705/9507541950803] 49 
893 195085 11950900/950949/952997|95 1046195 1095|951F43/981192/951240/95128q! 49 
894 195133719513801951435 ik F aah 95 £580}95162919516771951726/951774| 4 ) 
895 1951823)95187 2/95 19201951 969195 2017/95 2066/95.2114/95 2263/95 2211/952259] 4 | 
896 1952308195 2356/95 2405/95 2453195 2502195 25 501952599/95 2047/95 2696/952744] 48 
897 1982792195 2841195 2889]95 2938195 2986195 3034195 308 31953131195 3180/953228| 48 
898 1953276195 3325195337 3195 3421/95 3470195 3513195 3506195 3615195 3663/953711| 48 
899 1953760)953808 9538561953905 9539531954001|954049/954098]/9541461954194] 48 
GOO 195424219542911954339)9543871954435195 448419545 321954580195 46281954077} 48 
JOI 1954725/954773|954921 1954869195 4918/95 4966195 5014195 5062/955110/955153} 48 


902 1955206)95525519553031955351195539919554471955495195554319555921955040] 48 
903 [955088195 57301955784/95 5832195 5880/95 5925195 5970195 6024|19§60721956120] | 48 
9o4 1956168)9502161956264)956312/950361|95 6409195 04571950505 19565 531950001] ~ 48 
gos |986649/956697/956745 1956792195 0840195 6883195 0926195 6984/95 70321957080] 48 
1 906 }9571281957176195 7224195727 219573201957 308/95 7416.95 740419575111957559| 48 
997 19576971957955|9577931957751|957799|957847195 7894195 7942195 79901958038} 48 
908 }958086/9581 34195818 11958229/95827 7958325195837 319584201958468/9535 16) 48 
909 |958554]958612195865 91958707 /9587551958323195835019588y8]958946/958994] 48 


A ES ny Sey anes es ey | ee ene ee eee SS eS 


910 1959043)959089/959137/959184]959232/959280}959328)9593751959423/959471| 48 
IL 19595189595 60)959614195 9661 1959709195975 7195 9804195985 219599001959947| 48 


912 1959995|960042}960090)9601 38196018 5|96023 31960281/9603281960376)960423| 48 
913 [96047119605 18}9605 6619606 1 3}9606611960709]9607 56)960804|96035 11960899] 48 
914 |960946}960994|961041/961089|9611 36|96118419612311961279|9613261961374] 48 
915 |961421|961469/9615 16]9615631901611\9616581961706|96175 3/961801|961348} 47 
916 |961895|961943|961990|962038|96208 519621 3.2|962180|962227156622751962322| 47 
‘917 |962369|9624171962464|9625 119625 591962606196265 3|962701|962748|962795| 47 
918 |96284319628901962937|962985|953032/96 307919631 269631741963 2211963203} 47 
919 |963315196330319634 10196345 7/993504/9625 5 219635991963646196369 31903741] 47 
920 |9637881963383519638821963929|963977|9640241964071|964118]964165|964212| 47 
921 |964260|964307/964354)964401|964448196449519645.421964590|964637/964084| 47 
922 196473119647 78}964825 196487 21964919) 964966)965013/965060|965 108/965155} 47 
923 19652021965 249/965 2961965 3431995 3901965 437|965 4841965 5311965578]905625| 47 
924 196567219657 19|965766)9658131905860\96590719659541966001 |966048/956095| 47 
925 |9661421966189|966236|96628 31966329|966376|9664231966470|966517|906564] 47 
926 1966611 |966658]966705|96675 2|9667981966845|9668921966939|96698619670331 47 | A 
927 1967080967 127196717 3|967220\9672671957 3141967 361|967408|9674541967501] 4 47 
928 19675481967595}967642)967688)967 735)967 782)967829}967875)967922/907969| 47 | A 
929 |968016)968062|968109'968 158)908203 963249|968296|968 343/968 389/958436| 47 


930 196848319685 3019685761968623'96867019687 16|9687631968810/968856|g08903] 47 | 
931 |968950/968996/969043: 969090 9591 36/969183|9692.291969276/9693231969369| 47 | F 
932. |969416)969462}969509'969556\969502/96964919696951959742 969788969335] 47 
933. |969882)9699 28)969975/9700211970068/9701 1 4]97 0261970207 |97025.41979300| 47 
934 |97934719793931970440/970486)9705 3319705 79197062619 7007 2/970719}970705| 47 i) 
935 |9708121970858}970994)97095 11970997|9 7404.4 )97 1090197 1137|971183/971229) , 46 

936 197%276|971322/971 369.97 1415 971461|971508)971554\971000|9716471971693| 46 

|972018 972064\972110|972156} 46 
97248019725271972573\97261g| 46 
972943197 29891973035 |973082| _ 40 


6 7 3 9 


937 1971749\971786|97 1832\971879:971925|971971 
938 1972203/972249 972295197234 2197 2388 972434 
939 1972666972712 ana Meee ares 972897 


) St COS AES Bek 


we ir ee ae 


(amr Cr a Ce la 


TABLE XXIV. 
LOGARITHMS OF NUMBERS, 


No. 9400 IOOCCO * Log. 973128 000000 
0 1 2 ee | 4 4) 6 q 3 9 
973128 9731 74|973220197 3206973313 9733591973495 |973451/973497/973543 


94c 
g4t 
942 
943 
944 


946 
947 
948 

eb 
95° 
951 
952 
953 
co 
95 

. 956 
957 
958 

eae 
yoo 
g6t 
962 
903 
g64 
56 
goQ 
967 
968 


ae 969° 


t 


97° 
g7I 
974 
973 
974 
975 
970 


197497 2|975018|9750641975110/97515$0197 5202975 248/975 2941975340 
945 1975432197547819755 24975579197 5616)97 50611975707/975753/975799 


973599197 3636/97 3682/97 37 28197 3774'97 3820/97 3860197 3413197 3959/97 4005 
97425 11974097|9741431974189|974235/974 2811974327|97437319744201974460 
97451219745531974004197 4050197 4098/97 4742197 47801974834197 48801974926 
975386 
975845 
976304 
975762 
977220 


9788911975937|975983|97 0029197007 5/9761 21/970166/97 621 2176258 
9793501970396)97 0442197 6487/9765 3319795 79/970625|9 766711976717 
975808197 685.4197 69001976946) 976991977037 |977983)977 1291977175 
977206197731 2|977358/977403|977449)97 7495 19775411977 580197 7632 
97772419777 99|977815 97 7861197 7990|97 7952197 7998)978043197 8089 
978180/978226|978272/978317|9783631978409/978454/978500|978546 
978637|97868319787 28/9787 74)978819)97 8865 |978911|978956)979002 
97909 3|979138)979284/979230)97927 5|979321 (97 9306/97941 2197945 7|979503 
979548/979594|9799391979685|9797 30197977 61979823)979367/9799121979958 
y8000319$0049}980094| 9801 4cl 98018 5|980231/980276|98032219303671980412 
980458198050319805.49|9805 94| 980640/980085|9807 30|980776|9808211980867 
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8.475795 
8.479997 
8.484158 
8.488280 
8.492363 
8.496408 
8.500415 


8.504386 | | 


8.508321 
8.512221 
8.516086 
8.519916 
8.523713 


59 | 1196 
58 | 1177 
57 | 1158 
56 | 1140 
55. 13a 
54 | TIO5 
53 | 1088 
52 | 1072 
51 | 1057 
50 | 1041 
49 | 1026 
48 | Ior2 
47 | 998 
46 | 984 
45 | 971 
44 | 958 
43 | 946 
42 | 933 
41 | 922 
40 | 910 
39 | 899 
3 888 
37 | 877 
a §66 
35 | 856 
34 | 846 
33 | 836 
3.1.0 529 
31 | 817 
30 808 
29} 799 
28 791 
a7)... 764 
26} 774 
25 | 766 
24} 753 
23} 75° 
22} 742 
2m | 735 
20 | 727 
19 | 720 
18 913 
17 | 706 
16 | 699 
15 | 692 
14 | 686 
13 | 679 
12 | 673 
11 | 667 
To | 661 
9 | 655 
8. 049 
7 43 
6} 637 
5 | 632 
4 | 626 
3 | 6at 
21 616 
1 | 610 
o.}| 605 
M | 


lo ole oe oe eee oe eke eho oko ches) 
‘ S) 

a 

SO 

so 

Yu 

ON 


8.321122 
8.327114 
8. 333025 
8.338856 
8.344610 
8.350289 
8.355895 
8.361430 
“8.366894 
8.372291 
8.377622 
8.382889 
8.388092 
8. 393234 
8.398315 
8.493338 
8.408304 
8.413213 
418068 
422869 
427618 
432315 
436962 
441560 


450613 
455070 


8.459481 | 


8.463849 
468172 
472454 
8.476693 
8.480892 
8.485050 
8.489170 
8.493250 
8.497293 


8.501298 


8.505267 
8.509200 
8.513098 
8.516961 
8.520790 
8.524586 
8.528349 
8.532080 
8.535779 
8.539447 


60” 


8. 
8. 
8. 
8.4 
8. 
8. 
8.446110 | 
8. 
8. 
8. 
8. 
8. 
8 


enoneenns 


CCODDWDOCOCOWMOWO CC 
i 
ae | 
ec 
oO 
Co 
oN 


8.309917 
8.310065 
8.322127 
8.328105 
8.334002 
8.339821 
8, 345562 


%. 351229 ° 


8.356823 
8.362345 


8.367799 
-373184 
378504 
«333760 
- 388953 
+ 394085 
"399150 
.404170 
. 409126 
8.414026 
"8.418872 
423664 
-428404 
433093 
-437732 
+442322 
.440864 
451359 
«455808 
8.460212 
8.464572 
468889 
-473163 
-477396 
.481588 
-485740 
489852 
493927 
-497963 
. 501962 


peecr ore tepeeeneees cpreererss| oprereeres 


* 505925 
509852 
-513744 
.517602 
521425 
525215 
-528973 
532698 
+5 36392 
} «5.4005 5 
BO” > 


TABLE XXV. 
LOGARITHMIC TANGENTS. 


Tangent 1 Degree. 


20° 
«244328 
-251469 
- 258494 
. 205408 
.272213 
278913 
.285512 
292012 
.298416 
304727 
8.310948 
8.317081 
8.323129 
8.329093 
8.334977 
8.340783 
8.346512 
8.352166 
8.357748 
8.363259 
8.368701 
8.374076 
8.379385 
8.384630 
8.389812 
8.3 
8 
8 
8 
8 


CO 00 00 8 00 6 00 00 OO 


394934 
+ 399996 
- 405000 
-409946 


-414837_ 


3.419674 
8.424458 
8.429189 
8.433870 
8.438500 
8.443082 
8.447616 
8.452104 
8.456545 
8.460942 
8.465 295 
8.469604 
8.473871 
8.478097 
8.482283 
8.486428 
% «490534 
8.494602 
8.498632 
8.502625 


8.506582 


8.510503 
8.514389 
8.518241 


! 


30” 


-245526 
. 252648 
+ 259654 
.266549 
273337 
«280020 
. 286602 
293086 
» 299474 
395779 
311976 
- 318095 
«324128 
«330080 
* 335950 
© 341743 
-347459 
353101 
- 358671 
eet 
“8.369601 
374965 
380263 
«385498 
390670 
+ 395782 
- 400834 
. 405828 
.410765 
8.415647 
“8.420475 
8.425250 
8.429973 
8.434645 
8.439267 
8.443841 
8.448367 
8.452847 
8.457281 
8.461670 


COCeonxnxnnnwnec 


oo 00 CO CO CO 00 OO COCO CO 


pepreerees 


8.466016 


WMCocronmnonnnwcnd 


30° 


8.470318 
8.474579 
8.478798 
8.482976 
8.487115 
8.491215 
8.495276 
8.499300 
8.503287 
-507 238 
511153 
+ 515034 
518880 
5226092 
»520472 
530218 
-533933 
537616 
541269 


gereererss| mOonwmwecnc§ cnc Eouecnnecce cect none 


40" 


.246721 
253823 
. 260811 
. 267688 
274458 
~ 281124 
287689 
294157 
«3005 30 
2306811 
» 313002 
~319106 
© 325126 
«331004 
336921 
342707 
«348405 
»354935 
359593 
8.365080 
- 370500 
375853 
~381140 
336364 
391526 
«396628 
-401670 
- 406655 
411583 
8.416456 _ 
.421274 
.426040 
*430755 
-435419 
-440033 
-444599 
-449117 
453589 
-458026 
8.462398 


50’ 


oe 


-247913 
«254996 
261965 
. 208824 
-275576 
282225 
. 288774 
» 2952206 
6301583 
»307349 | 59. 
314025 
320115 
. 326121 
+ 332045 
- 337890 
«343657 
349348 


clertecoaees 


~ 360512 
8.365988 _ 


» 371397 
+ 376738 
+ 382015 
387229 
392381 
397472 
» 402505 
-407480 
412399 
8.417262 
“8.42 422072 
8.426830 
8.431536 
8.436191 
8.440797 
8.445355 
8.449866 
8.454330 
8.458749 
8.463124 


lsrresceres lo olfe clle elle oly oe oe alle ole eee) 


8.466736 | 8.467455 


8.471031 
8.475285 
8.479497 
8.483669 
8.487801 
8.491894 
8. 495949 
8.499967 
8.503948 _ 
8.507893 
. 511802 
.§15677 
-5 £9517 
-523324 
6527098 
530840 
534549 
538227 


00 20 99 90 G0 90 90 O° 96 90) 


541875 


90" 


Co-tangent 88 Degrees. 


8.471743 
8.475990 
8.480195 
8.484360 
8.488486 
8.49257 

eg hadons 
8.500633 
8.504608 


8.508547 


8.512451 
8.516319 
8.520154 
8.523956 
8.527724 
8.531460 
8.535164 
8.538837 
8.542480 


10” 


» 354966 | 


im 
= | < SEERA OFA 00 |S 
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TABLE XXY. 


116 
LOGARITHMIC SINES, TANGENTS, AND SFCANTS. 
0 Degree. ' 
‘|M{| Sine. | Diff. |Co-sive. ‘b. Tang. | Dit. |Co-tang.| Secant. | Co-sec. | M 
O]0.009000} » 1.000000} 9 [21090000 | Infinite. {0.000000} Infinite. | 60 
| 116.463726 1717 1 ,000000} 64 rey §36274|10.QO00OO}1 3.536274] § 
| 216.764750/° [19.00.0000] 65 13..235244]10.000000|13.235244! 5 
3]6.940847}, 237 3 |LO-000000 S}r 13 .0591§3]10.000000}1 3.059153] §7|- 
| 47 065786) 77 .7,|L0.000000 12.934214|I0 .000000]12.931214 
5/7 162696 ray 10.000000 12.837 304|10.000000]1 2.837304 
§|7 »241877 111578 9.999999 -758122|10.000001|12.758123 
7\7 «308824 96053 9.999999 12.691175|10,000001112.691176 
87. 366816 $5951) 97999999 2..633183|10.000001]12.633184 
y/7 -417968 76262 9.999999 12.582030]10.000003|12.582032] 5 
_10!7 «463726 68988)—22 -9+999998 39832753 12.5 36273]/10.000002|12.5 36274 
re lyy 505118 62981 Q. 999998 62981)) 12..494880 10.000002]12. 12.494882 
12/7.542906 57936 9-999997 57937 12.457091|I10.000003]12.457094 
13|7-577668 33041 9.999997 33042 12.422328]/10.000003/1 2.422332 
14/7 .609853 19938 9.999996 4993 12. 39014310 .C00004/12.390147 
15/7 .639816 eh 9.999996 2? 9112. 360180]10 .coo004|12. 360184 
16|7 667845 43881 9999995 2.332151/10.060005|12. 332155 
17/7.694173 41372 9-999995 413473 12. 305821|10.000005|12.. 305827 
13/7.718997 39135 9.999994 dot 8 {12+ 280997|10 .000006/1 2.281003 
1y/7-742478] 37757] 9+999993 3973 0112..257516|10.000007|12.25 7522 
_20)7-764754 35315|\ es 35313-— +000007}12. 235246] 40 
2117 .785943 33672 9.999992 7.785951 2.214049]/TO. 000008 12.214057| ¢ 
2217 .806146 32175] 9799999! 806155 3 2.193584 5|10.000009|12.193854! ; 
23176825451 30805 9.999990 .825460} + 12.174540|10.,OOOOTO|I2.174549} % 
2417 .843934 29547 9.999939 .843944 2954 2.156056|/10,0000T £112.15 6066} : 
25/7 861062] 99°44) 9.999989 861674 a 3/12.138326|10.000081|12. 138338] ; 
26/7 .878695 297317 9.999988 .878708 o7e 12.321292/10, 00001 2/12.121305] 2 
2717 .895085] 749 /1 9.999987 .895099 nee 12.1049OI|10.000013/12.104915} 2 
2817 .g10879| 7 9.999986 -910894 Hee 12.089106}10.00001 412.0891 21 
29/7 .926119} 7 9.999985 .926134 ie 12.073866}10.00007 5|12 7073881] < 
_ 3017 940842 pres 9+999983 .940858 peel en 12 .059142|10.000017 12.059158} 30 
31/7 -955082 22980 9-999982 -955100} 7 495|12-044g00 10. 000018|12. 044918 
3217 .968870 222773 9.999981 -968389 Ak 12.031 III|/IO.000O1g]12.031130 
3317 982233 1608 9 «999980 982253 par 12.017747|10.000020|12.017767 
3417 «995198 20981 9.999979 -995219 20983 12.004781|10.000021|12.004802 
35|8 007787 20390] 9°999977 .007809} 5 20392 II .9921Q1|10.000023/11 .992213 
36/8 .020021 19831 y.999y76 -02004 5} 19833 IL .979955§]10.000024|11.979979 
3718. 031919 19302 9-999975 031945] 19305 II .Q6805 5§|1T0.000025/11 .g68081| 23 
38/8 .043501 18801] 9°999973 18Bo EE + 95647 3]10.000027|11 «956499| 22 
| | 39)8.054781 18325| 9°999972 32 II.945191|10.000028]11.945219} 21 
ma -065776 es ek 9-999971 11..934194|10.000029|11 934224] 20 
' 4118.076500] 5 9.999969 T1.923469|1£0.000031|11.923500} I 
| 4218 .086965 sar 9.999968 ion af 91 3003}10.,.000032|IT.91 3035 18 
43/8 097183 16639] 97999 1966 15642[22° 02783}10.000034|11.yo2817} 17] F 
44|8.107167 1626s| 9° 999964 16263|t 1 892798] 10 00003611 .892833 16] | 
sk. 116926 15905] 9° 999963 1|L1+883037|10.000037|1 1.883074) 15 
46/8 .126471 15566 9.999961 I1.873490|10.000039]IT. 873529 14 
47/8 .135810 15238] 97999959) 11 .864149]10.000041]11 .8641g0] 13 
4818.144953 14924 9.999958 13927|22 855004}10.000042}11.855047} 12 
-153907| F169] 9+999956 ge I1L.846048|10.000044)11 .846093} 11 
8.162681 . 9+999954 14g4beee 83727 3/10 00004611 .837319] Io 
8.171280 14054| 9°999952 14057|1!° 828672|10.000048|11 . 828720 9 
-179713 13786] 9°99995° tin. 320237|10.000050|11 .820287 
3|8 ..187985 13529 9.999948 eth 811964|10.000052)11.812015} 7 
196102) 7284] 9+999946 1933 11.803844|10.000054/11 803892} 6 
: «204070 13041 9.999944 11.795874|10.000056|11.795930| 5 
56/8.211895 otis 6211953 T1.788047|10.000058/11.788105} 4 
57|8.219581 12587 8.219641 11.780359|10.000060jI 1.780419 
58/8 227134) 12372 8.227195 11.74.2805 |10.000062)11.772866} 2) 
59|8. 234557 12164 3.234021 EP. 70837911 0.000064|11.765443} I] | 
60}8 24185 5 8.241922 ED. 11.758078)1 ©0.000066]11.758145} O} ff 
M |Co-sine. Co-tang Tang. Co-sec. | Secant. |M | } 


89 Degrees. 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SEOANTS. 


M | Sine. 
oO 18.241855 
I 
2 8.256094 
3 |8.263042 
4 |8.269881 
5, 8.276614 
6 18283243 
7 {8.289773 
8 |8.296207 
g |8.302546 

10 |8.308794 

II |8.314954 

12 [8.321027 

13 {8.327016 

14 |8.332924 

15 [8.338753 

16 |8.344504 

17 |8.350181 

18 [8.355783 

19 |3. 361315 

20 |8. 366777 

21 18.372171 

2% [8.377499 

23 18.382762 

24 |8.387962 

2§ 8.393101 

26 18.398179 

27 18.403199 

28 |8.408161 

29 |8.413068 

ee? 477919 

31 |8.422717 

32 (8.427462 

33 [8.432156 

34 18.436800 

35 |8+441394 

36 8.445941 

37 |8.450440 

38 18.454893 

39 [8.459301 

40 |8.463665 

41 |8.467985 

42 18.472263 

43 [8.476498 

44 |8.480693 

45 {8.484848 

46 |8.488963 

47 |8.493040 

48 |8.497078 

49 |8.501080 

50 [8.505045 

§1 [8.508974 

§2 18.512867 

53 |8.516726 

54 |8.520551 

55 |8. 

56 |8. 

57 |8. 

58 rf 

5 

3 8. 

M |Co-sine. 


sf. |Co-sine.' D. 


Tr 63 (1 9099354; 


9249933111768) 99993 


11580)9 999929 
11297|9°999927| 
1132. 19-999925 
ITOSO 9-999922 

3219 -999920 


9.999918 


Q. 
9.999858 
9.999854 
9+999851 
9999848 
9-999844 


7 
8177 
8086 
7996 
79°09 
7823 
77409 


9+999794 
1/9°99979° 
olgig9978° 
9+999782 
gi2-999778 
9.999774 
048919. 999769 
9719-999765 
»'9+999761 


1 Degree. 
Tang. 


441921117 6,11 
249102), 57, ,|11 


-7508g8]T10. 
-743835|10. 
-730885/10. 
-730044]10. 
©723309]10. 
-716677|I0. 
-7TO144|10 
-793708|T0 
-697366}10.0000871TI 
I.691116]10.00cogo|IT.691206 


ee 


68495 4|10.000093/TT 685046} 49 
11.678878110.000095]11 .678973 
11 .672886]10.000098|11 .672984 
11.666975|10.000101|11.667076 
II.661144|10.000103|11 .661247 
11.655 390}10.000T06]11 655496 
II.649711]10.000109}1 1.649819 
.644105|10.000112|11.644217 
«6385 70/10. CO0L15|T 1.638685 
-633105]10 .COOL18]IT .633223] 4o 


Dil. |Co-tang.| Secant. | Co-sec. 


758079|T0. 


000066]11.7538145 
000068] 11 
00007 1]II 
00007 3/II 
00007 5|I1 
00007 8III 
OOCOso}II 
.0C008 AIT IT 
.000085|II 


-710757 
-710227 


*793793 


.627708]10.000121|t1 .627829 
11.622378|10.0001 24/11 .622501 
O17 111|L0,0001 27/11 .617238) 


~750967] § 
+ 743906 
730958 
-730119 
~723386] 5 


697454 


413213 
-418068 
422869 
-427618 
432315 
436962 
-441560 
-4461L0 
450613 
*455970 
459481 
aN 
468172 
°472454 
-476693 
-480892 
-485050 
-489170 
«493250 
*497293 
501298 

«505267 


Fee er os [itn Oe dts Gate BONG 
- "9 ¢ fee : ¢ 


oe ofle oe ole oho ole ole ole ah oe 2) 


ip eRe ole oho ole ole he oho one oho) 


513098 
. 516961 
«520790 
~524586 
+ 528349 
«532080 
-535779 
-539447 
8.543084 


Co-tang 


wmwowmwmwonwnnwnd cr 


6 
«509200 


.606766]10. 
.601685|T0. 
-596662|L0. 
-591696/10. 
II.586787|10. 
‘ -§81932|10. 

I1.577133/T0. 
79141 572380]t0. 
7029171 ,567685|10. 
ZAS|11 .563038|10. 
7 g3|11 «558440|10. 
75°3)71 55 3890|30. 
pee altt-549387|70. 
7420177 544930110. 
7357117 ,5405r9|t0. 
MTN 536151 
Ae 1T.5§31828]10. 


11.475414|10 
I1.471651|10 


‘Tang. 


88 Degrees. 


-611908]10,000130|TT.612038 


000133}11.606899 
0001 36/1 1.601821 
OOOT 39/IT .§96801 
0001 42|TT.591839 
O00 46]11. 586932 


OO0015 2/11 .5'77283 
001 56}11.572538 
OOOT5g|11.567844 
000162|/1T .563200 
OOOTH66|IT. 558606 
OOOr6g|IT «554059 
00017 3]11.549560 


OOO 87{II.§32015 


.000195|1T 2523502 
.OOOTQQ|TI . 519307 
.000203/TI.515152 
-000206]1 1.511037 
.0002I10|T IT. 506960 
.O002T4IIT 502922 
.000218]11.498920 
.0002221TT.494955 

.000226]11.491026 
.00023 1/11 .487133 


.000239|1T .479449 
-000243/11.475657 
-000247/11.471898 
.000252/11.468172 
.000256]11.464477 
.000260/11.460814 
.000265]11.457181 


OOOT4y|11.§82081 


48 
47 
46 
45 
44 
43 
42 
4I 


39 
38 
37 


35 


On YP WANA AO COO 


Co-sec. | Secant. | M 


TABLE XXV. 


118 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
: 2 Degrees. 
M | Sine. |Ditf.|Co-sine.| D. | Tang. |Diff.|Co-tang.| Secant. | Co-sec. | M 
© |8.542819 6004 |9°999735} 07 8.543084 2 {EL -456916|10.000265]11.457181| 60 
T |8.546422 5985 |9°99973}] 07 8.540691 5962 11 .453309|10.00026g/11.453578| 59 
2 8.549995 5906 9.999726! og |8.550268 3914 11.449732110.000274)11.450005| 53 
3 [8.553539] 2429 |9-9997241 08 8.553817 3366 11.446183110.000278 11.446461| 57 
4 |8.557054 5811 9+999717| 07 8.557336 3819 11.442664/10.000283/11.442946, 56 
5 |8.5605,40 3765 9-999713] o8 8.560828 3773 II .439172|10.000287|11 .439460| 55 
6 [8.563999 5719 9.999708 07 8.564291 3727 {£2 +435709|10.000292 I1.430001! 54 
7 |8.567431 5674 |9°999794) 08 8.567727 5682 [21 432273 10.0002gG6/11.432569) 53 
8 [8.570836 5630 9-999699] 08 |8-571137 3638 11 .428863]10.000301/11.429164| 52 
9 8 -574214) <4 9-999694] 68 (8.57452 3595 11.425 480|10.000306/11..425786) 51 
_10 (8.577566 544 9.999689 o7 8.577877 S559 UI. 422123/10.0003T1|II.422434| 50 
II {8.580892 5502 9-999685] Gg |8-581208 5510 T1.418792|TO.000315/I1.419108| 49 
12 |8.584193 5460 9-999680} og |8.584514 5468 IT .415436/80.000320|/11.415807| 48 
13 |8.587469 3419 9+999975] og |8-587795 5427 [Lt 442205 |10.000325/11.412531| 47 
14 |8.590721 5379 9+999670| og [8.591051 5387 |L2°408949 10,000330|11.409279| 46 
15 |8.593948 3339 9+999695] 69 |8-594283 5347 II. 405717|10.000335|11.406052| 45 
16 |8.597152 5300 9.999660 og 18597492 5308 II .402508/10.000340)11.402848| 44 
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-789780|10 
-788185/FO 


»78501 1/10 


10.784220|10 


10.782644|Io. 
10.781858|I0. 
10.781074|10. 
10. 780290|I0. 
10.77y508|10. 
10.778728]I10. 


10.777170|10. 
T0.776393}!0. 


-795408/10. 
.794500]10, 


-791381|10. 
»790580|10. 
.005643 
.788982|10. 


Co-sec. 


005 38010. 80 805668 
005 400/10.804871 
005 420}10.804075 
005 440}/10.803281 
005 460]10.802489 


00§501|10,800909 
005521|fO.800121 


93|10.005541|10.799334 
-792987|10, 


00§§62|10.798549 
005 §82}10. 10.797766 
00§602/10. 10.790983 
005623 


10.795423 


005664 


00§795}10-793094 
005§726)10.792321 
005746/10.9791§48 


005829]10.788474 
005850}10.787709 


005871|10.786945| ° 


005892}10.786182 
005913|10.785421 


005934|10.784662| : 
10.777948|10 .cO$955/10.783903) 


005976/10.783146 


005997|i0. 782 391] ¢ 


10. 775618110. 006018|10. 781637 


10.774844|10, 


006040}10, 780884 


10.796203} . 


10.794640) « 
.005684)10.79386g} . 
.787389|10. 
.786595|10. 
-785802|10. 
.005767|10.790778 
.005788)10.799008 


10.783432|10.005809]10. 10.789240| 3¢ 


10.774071/10.006061/10. 
10.773300/10.006082}10. 
10.77252y|10. O00TO3/T0. 
10.771761|10.005125}10. 
10.770993|10.006146]10. 
10.770227|10 00616815. 


7801 3% 


779382) : 


778033 
777885 
777139 
776394 
775051 


10.769461)10.00618g]f9. 
10.708698)10. 


Io, 767935|10 


i 767174110. 
.760414|10. 
A "765685I|T0. 
10.764897|10. 
794997 
.006340]10.770482 


10 764141|10 


10.763386|I0. 
10.762632/10.0 
10, 761880]10. 
.006428]10.767556 


10.761128/10 


.0062 321: 40, 77 


774908 


7.4167 
006254 Tole 794494 
006275|'0.772689 
006297}10.771952 
066319|10.771216 


OOG2TT|LO. 


006 362|10.769748 
006484110. 769016} 
006406] 10. 768285 


10.760378110.006450|10. 
©75902g|10.00647 2/10. 
-758882|10.006494]10. 
-758135|20.0065 1630. 
©757390|10 .0065 38/10. 
.756646)10. o0bsbdl 10. 
10.75§903|10.000582|10. 
10.75§161|10,006604)10. 
10.754421|10,006626|/10. 
10.753681|10.006649]/10. 


Tang. 


Co-sec. 


Secant. 


766828 
456101 
765375 
7646051 

763927 
763205 
762485 
763765 
761047 
760330 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


ere el el a 


LO Degrees. 
Diff. |Co-tang. 


10. 73 3681|10.0C 006649|10. 760330 
10.75 2943]10.006671)10.759614 
10.7§2206|10.006693}10. 758899 
raag [LO°751479110. 90715/10.758186 
ragatie: 7507 36|10.0067 38/10.757474 
ra 10.750002|10. 006760110. 736763 
arg [10° 749270] 10 .006783/10. 756053 

i 1217 10.7485 39|10.006805|10.755344 
rat 10.747809|10.0068 28/10. 754637 

5 -747080|10.0068§ 1|10.753931 


1213 Sp iia: 
OB Or 40352] 20 :00087 3/10 «75.3225 


Diff. |Co-sine.| D. Secant. | Co-sec. 


239670 

in a86 ; 
.241I01 
241814 
242526 ee 
+243237| 118 
» 243947! 5 
.244656 ' 
245303] 7, 
-246069) | 

) 246775 i 


M | Sine. ‘Tang. 


1230 
1228 
1226 


OS COAT AuNPW PHO 
bbebpepppes 
ONO WO OO OOD WOO 0 SO 


9.247478 
9.248181 
9.248883 


9.250282 
9.250980 
Q+251677 
9 - 252373 
9 + 253067 

9 +253761 
9+ 254453 
9+ 255144 


lt 


9.249583] 7 


9.255834] 5 


9 +2505 23) 5 
9257211) || 
9+2578y8) | 


9 258583 
8 19.259268 


9+259951 
9+ 260633 


- 261994 


263351 
. 264027 
264703 


.266051 


wowowuowowovowov0o7l yo 


«267395 
» 268065 


. 269402 
.270069 


-272004 
272726 
273388 
_59 19274049] 


| 51. 9+274708) | 
$2 19-275367] | 
53 19.276025 
54 
55 
56 


57 
58 
59 
Meal 


NolNeNeNeo} ook oe) 


-277337 
»277991 


»279297 


-265377| +5 


276681} 109: 


. 261314 ube 
. 262673 


9+992525 
1132 9.992501 


-266723) 


268734 a 


270735 
- 271400 : 20 


ihe 9. 992166 
9-992142 
9.992118 


. 278645 ; 


-279948 
isa 108 


IOwOcowooooctvo 


| ° 


1D OO 000 0 RoxNe) 


WOwWowoooVoVoV0ovosd 


1209 
1207 
1205 
1203 
1201 
1200 
1193 
T196 
6 fel 
~| 1192 |-——— 


118g 

1187 

1185 
1183 

I181 

117 

117 
1176 
174 ia 
1172 
rie 
1169 
1167 
| 1165 
1164 
1162 
“| 1160 
1158 
——| 1157 |—— 
1155 
1153 
die oa 
II50 
1148 
9) 1146 
1145 
1143 
II4I 
1140 
1138 
1136 
1135 
1133 
I13I 
1130 
1128 
1126 
1125 


1282542 
283225 


79 Degrees. 


T1g0]_. 


10.7456265}10. 
-744900]10. 
-F44176)10. 
*743453)10. 


-742731/10. 
10.742010}10. 
-741 290/10. 
-740571|10. 


»739854/10. 
10.739137|10.0 
-738422|10.0 
- 73770810. 
-736995|10. 
736283110. 
*735572)10. 
-734862/TO, 
*734153}10. 
»723445/10. 
*732739|10. 
10.732033]10. 
10.731329|10. 
10.730625|T0. 
T0.729923|I0. 
10.729221|10. 
10.728521]/10. 
10.727822|10, 
10.7247124|T0. 
10.726427|10. 
10.728731{I0. 
10, 10.7 25030|10. 
10.724342|10. 
IO. 
Id, 
10. 
10. 
0. 
10 
10. 
10.718826)10 
¥0.718142|10 


10.717458|10 
10. 


722957|10 


720887|10 


io. 
Io. 
10 
IO 


10.712023|10 


es pipe 
Tang. 


7236049HO. 
.007642/10. 
722266110, 
721576|i0. 


Co-sec. 


0068g6|I0. 
cobgig)Io. 
006y941|r0. 
006964)To. 
006987)I0. 
OO7OIO}TO. 
Io. 
Io. 
007079|10. 
007 102/10. 


007933 


007125|10. 
O07 T48|TO. 
OO7I7I|TO. 
O07 194/10. 
007217|10. 
007241|TO. 
007364|10. 
007287/10. 
0073I1T|TO. 
10.007 334/10. 


007357}|10. 
007 381/10. 
007404]T0. 
007428/10. 
00745 1/10, 
007475}10. 
007499)TO. 
0075 22/10. 
007546]10. 
0.097570|10. 


——— — - — J —-- 


007594]10. 
007618/T0. 


007665}/10. 
00768g|10. 


.007713]10, 
.720I9Q9|10. 
719512|10. 


007737|10. 
007761|TO. 


.007786|10, 
-0078T0|10. 
0078 34|10. 
716775|10. 
10.716093|10. 
10.715412|10. 
714732|10. 
714053|10. 
-713370\10. 
.7126g99|T0. 
.008029/T0. 
10.711348)10. 


00785810. 
007882]10. 
007907|I0. 


007931|10.7 


007956|ro. 
OCO79RO}TO. 
OOSOO4ITO. 


00805 3]10. 


752522 
751819 
751117 
75OAL7 
749718 
749020 
748323 
747627 
746933 


740239; 


745547 
4485 


744166) : 
743477) : 
742789); 
742102| < 
741417) 3 


740732 
740049 


-739307] 


~ 738686 
738006 
737327 
736649 
735973 
735297 
734623 
733949 


733277 
732605 


731935 
731266 
730598 
729931 
729265 
728600 
727936 
727274 
72.6612 


10.725951 


725292 
724633 
723975 
723319 
72.2663 
722 COQ 
722355 
720703 
72005 2 


5 


eOaa 


Secant. ec. | Secant. | m | 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


11 Degrees. 


Io 


9.286408 
9 «287048 


GD [OOWOwowowoworsworso 


294029 
294658 
295286 
295913 
+ 296539 
-297164 
297788 
298412 
» 299034 
+ 299655 
9.300276 
9+ 300895 
9.301514 
9 0.302132 
9+ 302748 
9 «303304 
9+ 393979 
9 + 304593 
9+ 395207 


wowwowowowooo wo 


§49*19- 305819 


9.306430 
9.307041 
40759 
J «300259 
9.308867 
sapeen’ 
9.310080 
9.310685 
9.311289 


9.311893 


9 «312495 
9+ 313097 
9.313698 
9+ 314297 
9-314897 
9+315495 
9.316092 
9.316689 
9317284 
9 317879 


M |Co-sine. 


7) 1050 |—~2——_— 


991947) -A9 
ey ifn 
-991897| 
-991873 
.991848 
-991823 


Io 
ros (9+991574 


1056 9.991549 a 
1054 |9°991524 
on 2 19°991498 
1053 

-991473 


101g 19°992422 
1046 |9:991397 
9+991372 


a 9.990960 
9999934 


Sine. | 


1123 
1122 
1120 
1118 
I117 
IIIs 
III4 
I1II2 


ba Kole) 
1107 
1106 
IIO4 
1103 
IIOI 
Eioo 
1098 
1c 
1095 
1093 
1092 
1090 
1089 
1087 
1086 
1084 
1083 
1081 
1080 
1078 
1077 
1075 
1074 
1073 
Io7I 
1070 
1068 
1067 
1065 
1064 
1062 
106! 
1060 
1058 
1057 
T0$5 
1054 
1053 
1051 
1050 
1048 
1047 
104s 
1044 
1043 
IO41 
1040 
1039 


1037 
1036 


OD OOD ODO OO DO 


+ 295349 
-295013 
.296677 
» 297339 
. 298001 
. 298662 
299322 
»299980 
300638 
301295 
301951 
9.302607 
9.303261 
9.303914 
) 304567 
9.305218 
9.305869 
9.30651 
9.30716 
9.307815 
9-308463 
9-309 109 
9+ 309754 
9 310398 
9.311042 
9.311685 
9.312327 
9 «312967 
9.313608 
9 - 314247 
9+ 314885 
9 «315523 
9.316159 
9.316795 


Owowocwo Owowowvo 


© 322479 
«323106 
323733 
+ 324358 
+ 324983 
325607 
«326231 
32685 3 
“327475 


Co-tang 


78 Degrees. 


IIII |. 


10.711348}TO. 
.008078]10.718752 
~7TOOOL|IO, 


.709329|T0. 


-7106074/10 


10.708658]10. 
»707987/T0. 
-7O7318]10. 
.706850}10 
-705§983}10. 
-70§316|TO 
-704651|I0. 


¥0.703987/10. 
10.703323/10. 


10.702661]i0. 


10. 7019gg}IO. 
10.701 3338|I0. 
10.700678}10. 
I0.700020}10. 
10.699362I!TO. 
10.098705|10. 
10.6g8049|10. 


10.697393|10. 
10.696739]10. 


10.696086}T0. 
10.695433]10. 
10.694782|10. 
10.694131|I0. 
10.69348i/10. 
10.692832|r0. 
10.692185|10 
10.691537|10 
10.690891|To. 
10.690246]10. 
10.689602]10. 
10.688958/10. 
10,688315|1o. 
10.687673}10. 
10.687033|10 
10.686392]10. 
T0.68575 3/10. 


00805 3]10.719401 


008103|10.718103 
008127/10.717456 
00815 2]10.716810 
O98 -77/10.716164 
308 201]/10.715520 


.008326}10.714876 


008251)40.714234 


.008276|10.713592 


008301|10.712952 
008326/10.732312 
008351|¥0.711674 
008376}]10.711036 
008401|10.710400 
008426/10.709764 
008451}]10.709130 
008476|10.708496 
008502]10.707863 
0085 27|10.707232 
008552/10.706601 


008578/10.705971 
008603|10.705 342 
008628]10.704714 
00865 4|10.704087 
008679|10.703461 
008705|10. 7028 36 
008730}/10.702212 
008756|10.701588 


.008782|10.700966 
.008807|10. 700345 


0088 33/10.609724 
00885g/T0. 699105 
008885]10.698486 
008g10]10.697868 
0089 36]10.697252 
008962/10. 696636 


.008988]10.696021 


00901 4|10.695407 
00g040|10.694793 


10.6851 15]10.009066}]10 694181 


10.684477|I0. 
10.683841]T0 
10.683205]10. 
10.682570|10. 
10.681936]|10 
10.681303]I0. 
10.680671j10. 
10.680039]I0. 
10.679408|I0. 
10.678778|10. 


009092|10.693570 


.009118]10.692959 


009145|10.692350 
009171|10.691741 


.009197]10.691133 


009223110.6905 26 
009250]10.689920 
009276}10.689315 
009303}10.688711 
009 329/10.688107 


10.678149|10.009355|10.687505 


10.677521|10. 
10.676894/10. 
10.676267|10. 
10,675642|10. 


10.675017|10. 


10.674393|10. 
10.673769|10. 
10.673147|I0. 


00938 2|£0.686903 
009409|10.686302 
009435|10.685703 
009 462}10.685 103 
009489]10.684505 
009§15]10.683908 
009542}10.683311 
0095 69]10.68 2716 


10.6725 25/10.009596]10.682121 


Tang. 


Co-sec. 


ee 


Secant. , 


60 


OF Nw On 20 | 


M 


128 TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


12 Degrees. 
M | Sine. |Ditf.|Co-sine.| D. | Taig. 


— | ee | — Ce 


——— af He eS 


bit. |(Co-tang.| Secant. | Co-sec. | M 
© |9.317879 990 9+990404) 4. 19+327474! 1596 10.6725 26/10 .009596/10.682121 60 
I |9.318473 988 9.990378 45 9+ 328095 1033 10.671g05|1@.009622/10,681527] 59 
2 |9.319066 987 9-990351) 4c 9.328715 1032 [07071285 10.009649|10 680934] 58 
3 9.319658 936 9+990324) 4 19+329334 1030 [10 970808 10.009676|10.680342] 57 
4 19-320249] O34 [9-999297] 42 |9+329953 Sdaq | oe T©.009703|10.679751| 56. 
5 |9.320840 983 9+990270| A= 19+330579| p98 10.669430|]10.009730/19.6741601 55 
6 |9.321430 982 9.990243 47 9+331187] 3556 10,668813110.009757|10.678570] 54 : 
7 |9.322019 980 9.990215 45 9.331803 iene 10,668197|10.909785|10.677981! 53 
8 |9.322607 979 9.990188 43 9.332418 1024 10,667582|10.009812|10.677393| 52 
9 |9.323194| 757 l9.9g0161 9+ 333033! 369 10.665967]}10.009839|10.676%06] 51 
10 |9.323780 a! 9.990134 45 9.333646 oan 10.666354/10.009866/10.676220] 50 
II |9.324366 8 9.99107 , 9+334259! ro06 10.665741|10.009893/10.675534| 49 
12 |g. 324950 973 9.990079 wy 9+334871 1019 10.665129|/10.009921/10.675050] 48 
13 19.325534 972 9.990052! 43 9.335482 1017 10,664518|10.009948/10.674466| 47 
14 19.326117 970 9.990025 a7 9 336093) 1676 10.663907|T0.90997:'I¢ 673883) 46 
15 |9-326700 969 9.989997 45 9.336702 1015 10.663298]10.010003}10.673300) 45 
16 |9.327281 968 9.989970 47 ).337311 1013 10.66268g|10. 010030 oe 44 | 
17 19.327862 966 9.989942 45 9-337919| yor3 10,662081|10.010058/10.6721 38) 43 
18 19.328442 965 9.989915 47 9+333527] ory 10.661473]10.010085|10.671§58] 42 
19 |9.329021 964 9989887) 4s. (92339433) to10 10,660867|10.010113}10.670979| 41 
_20 |9-329599 964 9989860; i 9-33973 10.660261|10.010140|10.670401| 40 | 


aI {9.330176 9.989832 
3 fers] 98 Bar| 
3. 9-999777 9+341552 
24 \9.331903 ae 9-989749] 47 19342355] 160 
25 |9.332478) 927 |9-989721| 47 (9.342757 | 
26 19.333051 954 9.989693 47 9.343358 10.656642/10.010307|10.660949) 34 
27 19.333624 933 9.989665 47 9.343958 999 10,65 6042/10.010335|10.666376) 33 
28 19.334195 32 9.989637 9.344558 08 10,655442|10.010363|10.665805 33 | 
29 |9.334767| 297 |9.9896r0 9.345187} 29° 110.654843|10.010390|10.665233 


9+340344 ie : 10.659656|/10 oro168)/10 669824) 39 
9.340948 «110.65905 2/10, 010196)10. 669247] 38 
10.658448]10.010223|/10.668671| 37 
10.657845|10,010251|10.668097; 36 
10.657243|T0.010279/10.667522) 35 


30 |9-335337| 2°° |9-989582] 47 |9.345755 i 10.654245|10.010418|10. 664663} 30 


31 19.335906 9.989553 9+ 346353 10.65 3647|10.010447/10.664094| 29 
32 9.330475 or 9.989525 4 9.346949 oH 10.65 3051|10.010475|10.663525| 28 | 1 
33 19337043 945 9.989497 47 9+ 347545 992 10.652455)10.010503|10.662957| 27 
34 19.337610 944 9.989469 47 19 348141 oar 10.651859]10.0105 41|10.662390} 26 
35 (9.338176 ong 9.989441 a 9 «348735 oo 10,651265|10.010559|10.661824] 25 
36 19.338742 oat 9.989413 47 9.34932 988 10,.650671|10.010587|10.661258] 24 
37 19-3393°7 940 9.989385 4g (97349922 987 10,650078|10,010615/10.660693| 23 
38 19.33987T 93 9.989356 4 9+350514) O94 T0.649486|10.010644|10.660129| 22 
39 19-340434 939 9.989328 7 9.351106 a3 10.648894/10.010672/10.659566| 21 
40 9+340996 oa 9.989300 oe 9.351697 995 10.648303|1©.010700|10.6§9004] 20 
4I (9.341558 93 9.989271 ; 9.352287 3 10,647713|10.010729)10.658442| 19 


9.342119 a 9.939243 48 9.352875 a 10.647124|10.010757|/10.657881| 18 
9.342679 932 9.989214 9.353465 980 10.6465 35|10.010786|10.657321| 17 
43 |y.343239 9.989186 48 197354053 97 10.645947|10.010814)10.656761| 16 
9.343797 930 9.989157 48 9.354640 = 10.645 360/10.010843/10.656203] 15 
9 «344355 929 9.989128 47 9.355227 976 10.644773]10.010872|10.6§5645) 14 
47 |9.344912 927 9.989100 48 9-355813 975 10.644187|10.,010900/10.655088] 13 
48 |y.345469 9.989071 48 9.356398 974 10.643602|10.010929|10.654531| 12 
49 |9.346024 a 9.989042 9.356982 10,643018|10.010958)10.65 3976} 11 
5° 49-346579 925 9.989014 9.357566 rls 10.642434|TO.010986|10.65 3421] 30 


Ps it. aed <<" 


51 9.347134 9.988985 9-358f49] “) 140.64185 t/10.01F015|10.652866| 9 
52 |9.347687 rate 9.988956 48 9.358731 97° 10.641269|T0.cT1044/10.052313| 8 
53 19-348240 soe 9.988927 43 9 «359313 99 50,640687|10.011073/10.651760| 7 
54 |9.348792 re 9.988898 x 9+ 359893]. 267 |10.640107|10.011102|16. 97208) 6 
55 19-349343 pak 9.988869 ay 9.360474 oeh 10,639§26]10.0115131/10.650657| 5 
§6 9.349893 Ye, 9.988840 ay g-361053 ro 10.638947|10.ottrS5o0}10.650107] 4 
57 19-350443 a 9.988811 as 9. 361632 905 10.638368 IO.011189|10.649557| 3 
§8 |19.350992 ie 9.988782 48 9.362210 62 10.637790]10.011218110.649008] 2 
59 |19-351540 913 9.988753 48 9.362737 oa 10,637213|10.011247/10.648460| 1 
60 9.352088 Fld 9.988724 naa 9- 363304 i 10.636636 10.011276 t0.647912 fe) 
M |Co-sine. Sine. Co-tang Tang. | Co-sec. | Secant.| M | | 


77 Degrees. gs | 


© |9.352088 
19 - 352635 
9.353181 
9+ 353726 
9-354271 
9+ 354815 
9+ 355358 
9+ 355901 
9- 356443 
9+ 356984 
_10 /9.357524 
II |9.358064 
12 |9.358603 
13 


OO CONTI OM POD 


gII 
gio 
999 
908 
997 
995 
go4 
903 
go2 


9 +9887 24 


9.987679 
9987649 


: 9.987618 


9.987588 
9.987557 
9+987526 
9.987496 
9.987465 
9.987434 
9.987403 
9.987372 
9.987341 
9.987310 
9-987279 


6 9.987248 


9987217 
9.987186 


> |9-987155 


9-987124 
9+987092 
9.987061 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


13 Degrees. 
M | Sine. |Diff. (Co-sine.| D. | Tang. |Diff. |Co-tang. | Secant. | Co-sec. 


g60 
959 
958 
| 957 
955 
954 
953 
952 
gsi 
950 
a AO 
948 
946 
945 
944 
943 
942 
941 
940 
6| 939 
938 
937 
935 
934 
933 
932 
931 
930 


10,636636]10. 
10.636060|T0. 
10.635485/10 
.634910/I0, 
-634336/10, 
-633763}10. 
.633190|I0. 
.632618]10 
.632047|10. 
.631476|10, 


10.630337|I0. 
10,.629768|10. 
10.629201]10. 
10.628633|10 
10.628067|10 
10.627501|10. 
10.626936|10. 
10.626371|10. 
10.625807|10. 
10.625244/T0. 


10.624681|10. 
£0.624119|I0. 
10.623558]I0. 
10,622997]f0. 
10.622437|T0. 
10.621878/10. 
10.621319|I0. 
10.620761/10. 
10.620203|10. 


10.61gogo}to. 
10.6185 34/10. 
10.617980|10. 
10.617425|10. 
10.616871 10. 
10.616318|10 
10.615766|10. 
10.615214|10 
10.614663)10. 
TO.614112|10. 


.61 3562/10 
.613013]10 
10.612464|I0. 
10. 61191610. 
10,.611369g|10. 
10 610822/10 
10.610276|10 
10.6097 30|10. 
10.609185|10 
10.608640]T0. 


10.608097/10.012814)10.620911 
10.607553/10.012845/10.620399 
10.607011|10.012876|10.619887 
10.606469]10.012908]10.619376 
10.605927|10,012939/10. 018866 
mages Yo bseenes iim oa EC 

46|10.013002|10.617848 
10.604306|/10 ,013033|10.617 339 
10.603767|10,.013064)10.616832 
013096 10 .616325 


10.604 


10.603229|Io. 


78 Degrees. _ 


-OT2504}10 
»012535|10 


Co-sec. 


—_——_ 


011276]10 
OL1305|/10 


.O11334|10 


011364|10 
01139310 
O11422|10 
O114§2|10 


-O1I481|10 


O1T511|10 
OII§40|10 


OII59g)10 
o11629|10 
OTTO658|I0 


-O11688] 10 
-OTI718) 10 


O1T748}10 
O11777|10 
Ort8o7|1O 
011837|10 


OT18g7}IO 
OL1g27}10 
O11957|10 
OTIg87|10 


OI2017}10. 
01 2047|10. 
O12078|10. 
O12108/10. 
O12138/10. 
10.619646|10.012168]/10. 


OL2IyglIO 
01222g9|10 
012.260/10 
OT22yo/1O 
012321|10 


01235 1/10 


012382|10 


-O12412/10 


012443/10 
012474|19 


012566|10 
012597;10 
012628/TO 


.012659|/T0 
.0126g0)10 


O12721/10 


.01 2752/10 
012783|10.621423 


011867/10.637111 


—— 


Secant. 


129 


le 
.647912| 60 
+647 305! 59 
.646819] 58 
.646274] § 
645729 
.645185 
. 644642 
-644099 
643557 
.643016 


.630906/10.011§70}10.642476 


-641936 
641397 
-640859 
-640322 
-639785 
639248 
.638713 
638178 
637644 


-636578 
.636046 
635515 
634984 


.631289 
.630764) 
- 630239 
629715] 
629192 
.628670 
628148 
627629 
.627106} 2% 

.626586| 20 


+ 


626067 
-625548 
.625030 
624523 
623997 
.623481 
622965 
.622451 
.621937 


———_ 


Ok YW PNM Qr~I COO 


| 130 | TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
14 Degrees. 
‘Tang. Dill. Co-tang.| Secant. Co-sec. ba M 


M | Sine. |Diil. Co-sine| De 
oO |9.38 675 .986904 9.3 67711 o , 10.60322 10.0130 6\10,616325! 60 
I 9.383675 844 "986874 oy a ene ee 10, oatae ro ae 10.615818 59 
2 |9.384687 .986841] 22 19.397846 9” \10.602154 10.013159|10.615313] 5 
3 |9.385192 . 986809 E 9.398383 10.601617/10.01319I|T0. 614808) 57 
4 19.385697 7.986778 53 9.398919 10. 601081|10.013222}10.614323| 56 
5 9.386201 "9867461 oo } 399455 10.600545 IO.013254/10. 613799 55 
5 |9.386704 828 9.986714] 22 |9.399990 ' |10.600010}10 ,013286/10.613296] 54 
7 19.387207 337 9.986683 53 9.400524 T0.599476|10.013317|10.612793| §3 
8 |9+387799| 926 9.986651 53 9.401058 10.598942|10.013349|10.6122g1| §2 
y |9.388210 335 9.986619 33 9.40159! 10.598409|10.013381|T0.611790) 51 
Io 9.388711 934 9986587 a Q-402124 10. §97870]10.013413}10.611289] 50_ 
II |g.389211| o> 9.986555 83 9.402656 10.597344|10.013445|10. 10.610789 49 
| 12 |g.389711 99865 23 33 9.403187 10.596813}10.013477|10.610289| 48 
13 |9.3g0210 » |9.403718 10.596282/10.013509|10.609790| 47 
I4 |g.390708 53 9.404249 \1O.5§95751|10.013541|10.609292}| 46 


10.§95222|10.013573|10.608794| 45 
10.§94692|10.013605/10.608297] 44 
10.594164|10.013637/10.607801] 43 
10.593636|10.013669}10.607305] 42 
TO.593108|10.013701|10.606810} 41 
10.§9258] 10 .013734|10. 10.606315 40° 


23 |9.404778 
9.405308 
9.405336 
9 406364 
9.406892 
9.40789 


1§ 19.391206 


T7. 19-392199 
18 |9.392695 
TQ |9-393191 
20 9 + 393085 


; 10 19.391703 
21 19.394179 oa 9.986234 +3 9.407945 10.592055110.013766110. 10,605821 39 
22 19. 394673 821 9.986202 53 9.408471 TO.591529|10,013798|10.605327| 38 
23 19.395106] 9°, [9.986169 55 /9.408997 96% |LO.591003|10.013831|10.604834] 37 
24 9.398658 dine 9.986137 53 9.409521 10.§90479]10.013863|10.604342| 36 
25 |9.396150 B18 9.986104 55 g.410045 10.589955|10.013896|10.603850| 35 
26. |9.396641 on 9.986072] 23 |9.410569 T0.589433|10.013923]10.603359| 34 
27 19.397132 Be 9.986039 55 9.411092 T0.588908]10.013961|10.602868} 33 
28 19.397621 BiG 9.986007 53 9.411615 10.§88385110.013993|10.602379| 32 
29 |9.3981T1 te 9.985974 55 9.412137 10.587863|10.014024|10.601889] 31 
32 19.398600 iy 9.985942 53 9.412658] 229 Io. 387342|10. 014058]10.60 601400 32 
31 19.399088 “a 9.985909 2 9.413179 .§86821110.014091|10. >. 60091 2!” 2 
3% |9.399575 Bay 9.985876 55 9.413699 10.5§86301|10,014124|10.600425 28 
33 9.400062] $27 1.985843 2 9.414219 10.585781|10.014157]10.599938| 27 


10.585262/10.014189|10.§99451; 26 
10.584743]10.014222|10.598965| 25 
10.584225110.014255|10.598480| 24 


9-414738 
9415257 
9-415775 


35. 19401035 9.985778 
36 [9.401520] 309 |y.985745] 2 


37 |9-402005] oo, |9- 985712 55 9.416293 10.583707|10.034288/10.597995| 23 
38° 19.402489 Sob 9.985679 55 9.416810 10.5831GO|TO.01432T|1C.§97511| 22 
39 |19.402972 808 9.985646 e: 9.417326 10.582674110 014354/10.597028) 21 
49 |9-403455 af 9+985613 Fe 9-4 417842 10, 10. 582158 10.014387)10.5 10590545 20° 


10.§81642|10.014420]10. 10.§ 96062) 1 
10.§81127|10.014453|10.595580 
10,580613/10.014486|10. 595099) 1 
10. §80099]10.014520|10.59461 

10.579585|10.014553|10.594138 
10.§79073|10.014586 10593059 
10.5§78560/10,014619|10.593180 
10.578048]10.014653/10.592701 
10.577537|10.014686)10. 592223 
10.§77026|10.014720|10. 591746 
10.576516)10.014753|10.59126y 
2 110.§76007|10.014787|10. 590793 


9.418358 
9418873 
9419387 
9.419Q9O1 
9.420415 
9 +420927 
9.421440 
9.421952 
9.422463 
9.422974 
9.423484 
9+423993 


At [9.403938 803 |9°985580 
42 9. 404420] 9-5 9.985547 


9 
9 -408254 795 9. 


4087: 9.085247 
9-408731| 04 |9- 985247 37 


9+409207] - o. 9-985213 


i 
! 
| 
34 |9-420549] 91, 9.985811 


—— 


“Secant. 


9 
8 
53 |9-409682 792 9.985180 re 9-424503 10.§75497|10.014820]10.590318] 7 
54 |9-410157 791 9.985146 Be [90425012 10.§74989|70.014854/10.589843| 6 | 
55 [9.410632 790 9.985113 37 9-425519 10.§74481|10.014887|10.589368| 5 = 
56 |9.411106 789 (9° 985079 37 9.426027 10.§73973|10.014921|10.588894| 4 
57 19.411579 788 9.985045 at 426534 10.573406|10.014955|10.588421| 3 
58 |9.412052 787 9.985071 10.5729§Q|10.014989|10.587948] 2 | 
59 19-412524) Wee 9-98497 10.§72453|10,015022|10.587476) I 
69 j9-412996) “ 19.984944 10.§71948 10.015056 10587004] | J 
M 


Co-see: 


M Co-sine. Sine. 


Tang. 


Co-tang 
75 Deorees. 


LOGARITHMIC B5INES, 


M | Sipe. 


| 


9 


9.412996 


9.413407] | 


Y+413939 
9.414405 
G.414078 


Qe 415751 
94417257 


10 /9.417084 


ae 


23 


g-418150 
9.418615 
9329979 
9+449544 
9 +420007 
9.420470 
9 +420933 
9+421395 
9+421857 
Q+422318 
9.422778 
9.423238 
42.3697 


24 |9.424156 


9.424615 
9+425073 
9425530 
9+425987 
9420443 


_39 {9.426899 


9-427354 
9.427809 
9-428263 
9428717 
9-429170 


36 9.429623 


37 
38 
39 
40. 
vie 
42. 
43 
44 
45 
46 
47 
48 


sd 


50 


9 «430075 
9.430527 
9.430978 
9+431429 
9.431879 
9 -432329 
9.432778 
9.433226 
9.433675 
9.434122 
9-434569 
9.435016 
9435462 
9.435908 
9-436353 
9.436798 
9.437242 
9+437686 
9.438129 
9-438572 
9.439014 
9439456 


19-439897 


M |Co-sine. 


Dit. |Co-sine.: D. 


— | —-—_—_—. 


-19.984876, 


9.984944 
g.g84gIo! 


9.984842 
9.984808 
9984774 
9.984740 
9.984706 
9.984672 
9.984638 
9.984603 
9.984569 
9984535 
9+984500 
9.984466 
9-984432 
9-984397 
9+984363 
9 984328 
9+984294 
9-984 259 
9.984224 
9.984190 
9+984155 
9.984120 
9.984085 


9. 983700 
9983664 
. 983629 
9.983594 
9-983558 
9983523 
9.983487 
y.983452 
9 +983416 
9.983381 


9.983166 
9 «983130 
9.983094 
9.983058 


Sine.. 


57 


ee eee 


15 Degrees. 


~~ 
« 


TABLE XXV. 
TANGENTS, AND SKCANTS. 


131 | 


Tang. |Ditt. |\Co-tang.| Secant. | Co-sec. | 


— ——— | —. -- ——_ 


9.428052 


_ 74 Degrees. 


9-428557 
9.429062 
9429566 
9 -430070 
9439573 
9 -431075 
9+431577 
9432079 
9 «432580 
9.433080 


19 -433580 


9 «434080 
9+434579 
9.435078 
9-435576 
9 -436073 
9 +436570 
9.437067 
9-437563 
9 -438059 
9+438554 
9+439048 
9+439543 
9 -440036 
9 «4405 29 
9.441022 
Q-441514 
9.442006 
9.442497 
9.442988 


9-443479 
9.443968 
9.444458 
9.444947 
9-445435 
9.445923 
9440411 
9.446898 
9447334 
9+447870 
9-448356 

9448841 
9. 449326 
9.449810 
9.450294 
9:450777 
9.451260 
9-451743 
9.452225 
9452706 
9.453187 
9.453668 
9.454148 
9.454628 
9.455107 
9.455586 
9.456064 
9.456542 
9-457019 
___|9-457496 


~ |Co-tang 


842 
84 
$40 
839 
$38 
$38 
837 


836 


835 
834 
833 
832 
832 
831 
830 
$29 
828 
828 
827 


826 


825 
824 
823 
823 
822 
821 
$20 
81g 
819 
818 
817 
816 
816 
815 
814 
$13 
812 
812 
SIt 
BIO 
809 
809 
808 


Io, 
Io. 


IO. 


Io 


Io 


Io 


TO 


IO. 
IO 


Io, 


Io, 
*545372)|£0 
-544893]10. 
-544414]T0. 
-543936|10 
-543458]10. 
.542981|T0. 


Io. 


‘Tang. 


°§54077 
©553589]10. 
»553102/10 
-55 2616/10. 
10.5521 30}10.C 


T0.§51644|10.¢ 
»551159]10, 
~550674]10. 
.550I19O}I0. 
-549706}f0. 
549223 
-548740]T0. 
548257 
»547775 
-547294 


—ees 


571948|T0 


571443/1°. 
-570938]10. 
-5 70434110. 
.569930]10. 
»569427]10. 
-568925110. 
568423/10. 
.5679a1/10 
IO. 
IO. 


567420|TO 
§66920}10 


-566420}]10 
10.565920|10. 
-565441 
-564922|10 
©564424|T0. 
-§63927 
-563430|TO. 
562933}T0. 
- 562437 
10. 
IO. 
-560952|10. 
- 560457 
+ 559904] 10 
°559471 
-558975|10. 
-558486l10. 
“557994 10. 
*557503 
»§5 7012 
10. 


To 


IO 


561941/10.0 
561446|10.0 


Io 


Io 


§565a1|10 


55554210 
564505 
TO 


fe) 
Io 
IO 


546332|10. 
345852|10. 


542504|10. 


—EE 


IO. 
-OT§741 


Io. 
TO, 


»O10125 
-556032|10. 
TO, 


to. 


Co-sec. 


OF50gO}10. 


OF§124110.586062 
O151§8]10.§85592 
O15192|10.585122 
01§226]10.584653 
O1§260]/10.584185 
O15 294|10.583717 
-O1§328/10. 
.015 362/10. 
-015397|10.582316 
~O15 431/10. 
O15465|TO. 
-O15500}10. 
~015534|10. 
O15568|10. 
-0T5603|10. 


015637)10. 
015672/10. 
poet ae 

Io. 
01577610, 
OT5$1o0j10. 


.015§845|I0. 
-OT5880 
.OISQIS 


10. 
IO. 
OT5950 
OTS5985 
O1601g}10. 
O16054]10. 
OL608gjI0.§ 


ro, 
70.5 


O16160 


-O161g5|10. 


-555053|10. 
LO" 


O16230}]10. 
016265|10.5 


.O16300/10. 


0163360. 


.016371j10. 


016406}1O. 
(010442)10. 


016477\10. 
O16513/10. 
016548|10. 
O15 84it0. 
o166rg}I0. 
016655|10. 
o16691|10. 


.O167271T0. 
paevale hic 
.016798) iO. 


mb cen 34081310. o16834]10. 303647 9 


016870|r10. 
O16go6|10. 


.016942|/T0. 
016978/10. 
OT7OTAIIO, 
.O17050|10. 


OF7086]10. 
O17122|10. 
OF7158i10. 


Io. 
Io. 


Secant. 


5865331 59 


583249 
582783 


581850 
581385 
580921 
580456 
579993 
579539 
579007 
©5 78605 
»578143 
10.57.7683] | 
577222) ; 
5767 62| 38 
579303] 37 

575844 
373385 
574927 
5744791 
574013) 32 
573557| 3 
573101| 30 
$7? i: 


573983 26 


569925 
569473) 2 
569022 21 
10.508571 20 


10.568121| 19 
567671 18 
5672291 37 
566774] 16 
366325 15 
565878 14 
565431] 13 
564984 12 
564538] £1 
564092} 10 


563202 
362758 
562314 
561871 
561428 
560986) 
56054 
epirod 
559662 


M 


.OT5056)}10. 387004) 60 


48: Ow PD PHA Or CO 


Ny 
F 
: 
/ 
b 
it 
fi 
g 
i 
a 
i 
H 


TABLE XXYV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


9+440338 
9+440778 
9.441218 
9.441658 
9.442096 
9+442535 
9-442973 
9-443410 
9+443847 
9+444284 

9444720 

9+445155 

9+445590 

9.446025 
14 19.446459 


Oo CON AM RO YD HO 


iCo-sine, 


9.982842 
9.982805 
9.982769 
9+982733 
9.982696 
9.982660 
9.982624 
9 «982587 
9.982551 
9-982514 
9 982477 
9.982441 
9.982404 
9982367 
9 982331 


16 Degrees. 


10,542504]10. 
10.542027/10. 
TO.541551/10, 
10.541075}]10. 
10.540600jT0. 
10.540125/10. 
10.539651|10. 
10.539177/10. 
10.538703|I0. 
10.538230|10. 
10.537758]10. 
10,537286]10. 
10.536314|10. 
10.536342|10. 
10.535872|10. 


017158|10.559662 
017195]T0.559222 
017231|10.558782 
017267|10.558342 
017304]10.557904 
017349]10.557465 
017376|10.557027 
017413/10.556590 
017449|10. 556153 
017486]10.555716 


017559]10.554845 
017596]10.554410 
017633/10.553975 
017669|10.553541 


M | Sine. |Diff.|Co-sine.| D. | Tang. {Duff |\Co-tang.| Secant. | Co-sec. | M 
Io 
Il 
13 
13 


73 Degrees. 


Co-sec. | Secant. | M 


017523]/10.555280 


ee | —————— 


15 |9-446893 be 9.982294 10.5 35401|10.017706|10.553107| 45 
16 |9-447326 721 9.982257 10.§34931|10.017743|10.552674| 44 
17 |9-447759 720 9 982220 10.534461|10.017780}10.552241) 43 
18 |9-448191 720 9.982183 10.533992|10.017817/10.551809| 42 
19 |9-448623 719 9.982146 10.533524|10.017854|10.551377| 41 
bd aha oe 10.5$33055}10.01789 1/10.550946} “40 _ 
: 2 19.449485 217 9.982072 TO0.532587|10.017928/10.550515| 3 
22 19.449915 716 9.982035 1065321 20}10,017965|10.550085) 3 
23 19450345 716 9.981998 10.531653|10.018002|10.549655| 37 
24 19.450775 715 y.g81g961 10.531186|10,018039/10.549225| 36 
25 19-451204 714 9.981924 T0.530720/TO.018076|10.548796| 35 
26 19.451632 713 9.981886 10.530254|10,018114/10.548368} 34 
27 19452060 713 9.981849 10.52978g|10.018151/10.547940| 33 
28° 19.452488 a12 9.981812 10.529324/10.018188}10.547512| 32 
29 19452915] 57 9.981774 10.528859|10.018226|10.547085] 31 
30 19-453342 Kars 9.981737 10.528395|10.018263/10. 546658) 30 
31 |9.453768 ae 9.981700 10.527932|10.018300|10.546232| 29 
32 19.454194 709 9.981662 10.527468|10.018338|10.545806} 28 
, | 33 9.454619 708 9.981625 10. §27005]10.018375|10.545 381] 27 
i | 34 19-455044 707 9 -981587 10,526543110.018413/10.544956| 26 
| | 35 19-455469 707 9.981549 10.526081|10.018451|10.544531| 25 
b | 36 9.455893 706 9.981512 10.5 25619|10.018488/10.544107| 24 
| | 37 19-456316 705 9.981474 10.525158|10.018526|10.543684| 23 
f | 38 19.456739 704 9.981436 10.524697|10.018564|10.543261| 22 
h | 39 19-457162 704 9.981399 10.524237|10.018601/10.542838] 21 
i |. 40 [9.457584 he 9.981361 10.523777|10-018639|10.§42416) 20° 
| | 41 [9.458006 702 9.981323 10.523317|10.018677|10.541994] 19 
H | 42 19.458427 7OI 9.931285 10.522858|10.018715|10.541573}] 18 
4 | 43 19.458848 nor 9.981247 T0.§22399|I0.018753|10.541152| 17 
§ | 44 19-459268 700 9.981209 10.521941|10.018791|10.5§40732| 16 
b | 45 19-459688 699 9.g81171 10.5 21483]10.018829]10.540312] I5 
46 {9.460108 698 9.981133 10.§21025|10.018867/10.5 39892] 14 
47 9.460527 698 9.981095 10.520568|10.018905|10. 539473] 13 
H | 48 9.460946 697 9.981057 10.520 11/10.018943|10.539054] 12 
1 | 49 |9.461364 696 9.981019 10.519655|10.018981|10.538636) 11 
| _59 }9-461782 ee 9.980981 10. 519199|10.019O19}TO.$38218) 10 
| | 52 19-462199 695 9.980942 10.519743}10.019058|10.537801 2 
t | 52 |9.462616 604 9.980904 10.518288]10.014096]10.5 37384 
53 19-463032 693 9.980866 10.5§17833|10.019134|10.536968] 7 
| | 54 [9-463448 bea 9.980827 10.§17379|10.019173|10.536552) 6 
35 |9-463864 60% 9.980789 10.516925§|10.019211|10.536136| 5 
56 |9.464279 691 9.980750 10.516471|10.019250|10.535721] 4 
1 | 57 |9-464694 690 9.980712 10.5 16018|To.019238]10.535306| 3 
A | 58 (9.465108 ree 9.980673 10.515565|10.019327|10.534892| 2 
59 |9-465522| ¢¢- |9.980635 10.515 113|10.019365|10.534478) I 
| 6a !9.465935 ) 9.980596 10.5§14661|10.019404|10.534065| Oo 


m | Sine. 


9+465935 
9.466348 ee 
9.406761 


Ow OI AMNDPW YN HO 


9.488814 
9.489204 
9.489593 
9.489982 


9 -980596 
9.980558 
9 9805 19 
9.980480 
9.980442 
9.930403 
9.980364 
9 980325 
9.980286 
9.980247 
9.980208 
9.980169 
9.980130 
9.980091 
9.980052 
9.980012 
9-979973 
9+979934 
9+979895 
9-979855 
9979816 
$+979776 
9+979737 
9-979697 
9-979658 


-19.979618 


9-979579 
9.979539 
9.979499 
9-979459 
9+979420 
9-979380 
9-979340 
9 «979300 
9.979260 
9 »Y79220 
9.979180 
9.979140 
9 «979100 
9.979059 
9-979019 
9.978979 
9-978939 
9.97889 


i Ben ISON OOF OO OO; Oa nes 


9.978696 
9.97865 5 
9.978615 
9.978574 
9.978533 
9.978493 
9.978452 
9.978411 


9978858 
9.978817 
9.978777 
9.978737 


Diff. [Co-sine.| D. 


—— | ——— 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 

17 Degrees. 

Tang. |Diff. |Co-tang. | Secant. | Co-sec. 


9 «493410 


9 +496073 
9+496515 
9+496957 


9 +499163 
9 «499603 
9 «500042 
9.500481 
9.500920 
9 
7 
9 
9 
a 


Co-tang 


753 


| 75% 


751 
751 
75° 
749 
749 
748 
747 
747 


2] 7.46 


746 


72 Degrees. 


10.5140661/10. 
10.514209]TO 
10.513758/10 
10.513307|I0. 
10.5§12857|10 
10.512407/10 
10.511957|10. 
10.511508|10 
10.5 11059|10 
10.510610|10, 


a 


019404]10.534065 


-019442|10.5 33652 
-O19481/10.5 33239 


O19520|10.5 32827 


.019558|10.5 32415 
.019597|10.532004 


019636|10.5 31593 


.019675/10.531183 
»O1Q714|10. 530773 


019753|10.530363 


60 


59 
53 


57 
56 


54 
53 
52 
51 


10, 510162|10.019792|10.529954| 50 


T0.509714|10. 
10.509267/10. 
10.508820]10, 
10.508373|10. 
10.507927|10. 
10.507481|10. 
10.507035|10. 
10.5065g90|10. 
10.506146|10. 


O19831|10.529545 
019870]10.5 29137 
OIQ90g|10. 528729 
019948/10.5 28321 
019988]10.527914 
020027|10.527508 
020066|10.527102 
020105|10. 526696 
020145|10.5 26290 


49 
48 
47 | 
46 
45 
44 
43 
42 
41 


10.50570T|10.020184|10. 525885 4o 
10.505 257|10.020224]10.525481) 39 
£0,504814|10.020263/10.525077| 38 


10.504370|IO. 
10.503927|L0. 
10.503485|I0. 
10.503043|10 
10.502601|To. 
10.502I5Q}I0. 
10.501718|10 
10.501278]10. 
10.500837|I0. 
500397|10 
-499958|10. 
-499519]/T0. 
-499080}10. 
4986411 
.498203|To. 
-497765|10. 
-497 328/10. 


-——— 


-496454]10. 
-496018]}10 
-495582/10. 
-495146|Io 
-494711|10. 
494276|10. 
-493841/10. 
-493407)10. 
49297 3)10 
.492540]10. 
10.492107|I0. 
10.491674|10. 
10.491241|10. 


10.48865 4/10. 
10.488224]T0. 


Tang. Co-sec. 


.020660/10. 521058 


.021345|/10.514318 


020303|10.5 24673 
020342110.524270 
020382110.523867 


.020421|10.523464 


020461|10.523062 
020501|10.522660 


.020541|T0.522259 


020580|10.521858 
020620/10.521458 
020700}10. 520658 


020740|10.520259 
020780/10.519860 


.020820|10. 519461 


020860|10.§19063 
020900|19. 518666 
020941|10.518269 


-496891]10 .02098T|10. 517872 


021021|10.517475 


.021061]T0.517079 


021102|10.516684 


.021142|10.516288 


021183/T0.515893 
021223/10.515499 
021263/10.515105 
O2LZ04)/10.51 4711! 


021385|10. 513925 
021426/10. 513533 
021467/10.513140 
021§07!10.512749 
021§48!10.512357 

110. 511906 
021630!10.511576 


10,510407 


021794|10.510018 


Secant. 


37 


28 
27 


fe) 


Or NY WR Or COO 


M 


134 


© |9+489982] 


I |9.490371 
9491147 


1.491922 
9 +49 2695 


 OONT Ont BOD 


TO |9-493951 
9.494236 
9.494621 
9 «495005 
9+495388 
9.495772 
9.496154 
9+496537 


8 |9.496y19 : 


9+497301 
9 +497682 
21 |9.498064 
22 |9.498444 
23 |9.498825 


). 6 
3019501470} & 


9501854 
9.502231 
9.502607 
9.502984 
9 «503360 
9 +593735 
9.504110 
9 +504485 

9.504860 

9505234 

9.505008 


9-505981| : 


9+ §00354 
9.506727 
507099 
-597471 
507843 
9.508214 
#508585 
9-§08956 
9.509326 


9.509696 : 


9.510065 
9.510434 
9.510803 
g.5§11172 
9.511540 
9-511907 
9 «512275 


9+499759! 6 
9491535] 6 
9.492308] ¢ 


9+493081 
9+493466 : 


977959 
977918 
977877 
977835 
9+977794 
9-977752 
9-977711 
2977209 
9-97762 
9-977586 
9.977544 
9+977593 
9-977461 
9.977419 
9+977377 
9.977335 
9.977293 
9.977251 
9.977209 
9.977167 
9.977125 
9.977083 
9-977041 
9.976999 
9+970957 
9-970914 
9.976872 


‘19 -976830 


9976787 
9976745 
9.976702 
9.976660 
9.976617 
9.976574 
9 +9765 32 
9.976489 
9+975446 
9.976404 
g.976361 
9.976318 
9.976275 
9.976232 
9970189 
9.976146 
9.976103 
9.976060 
9.976017 
9+-975974 
9+975930 
9.975887 
9.975844 
9.975800 
9.975757 


TABLE XXAV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


18 Degrees. 


9.512206 
9-512635 
9.513064 

°513493 
9.513921 


716 
716 
715 
7%4 


.O21794/10 


.487794|TO 


.487365/10. 
.486930]L0. 


.486507|10. 

.486079|10. 

.485651|10 

.485223/T0. 

-484796|10. 

.484369|10. 

-483943/10. 
10.483516/10. 
10.483090]I0. 
10.482665/10. 
10.482239|10. 
10.481815|10. 
10.481390]10. 
10.480966|Io. 
10.480542|10. 
To. 480118|10. 
10.479695|i0. 
10.479272|I10. 
10.478849]|10. 
10,478427|10. 
10.478005|10. 
10.477583|10. 
10.477162|10, 
10.476741|10, 
10.476320|10. 
10.4759O00|10. 
10.475480|10. 
10.475061|10 
10.474641|10. 
10.474222|10, 
10.473803|10 
10.473385|10. 
10.472967/10. 
10.472549]10 
10.472132|/10 
10.4717I5/10. 


.021835|10. 
O218760/10, 
OZIQI7}10. 
O21958/10. 
O2199g]10. 
.O2204T/10, 
022082|10. 


022723/40 
022165/ro 
022206|10 
022248/20 
022289/10 
022331|10 
022372|10 
022414/10 
022456|10 


024497/10. 
0225 39/10. 
022581|IO, 
042623/10. 
022665|10. 
022707/I0. 
022749|10. 
2279110. 
022833/10. 
©22875)10, 


022917|10 
022959/10 


O23C01|I0. 


©23043|10 


.023086]10 


023128|10 
023170|10 


.023213|10 


023255/10 
©23298)10 


.023340}T0 
.023383/10 


023426110 


+5 10018] 60 
509629] 59 
529241} 58 | 
508853) 57 
508465] 56 
508078) 55 
507692) 54 
507305; 53 
-5069Ig} 52 
-§06534) SI 
506149], 59 | 
505764) 49 | 
-505379| 48 
-504995| 47 
~504612] 46 


-504228} 45 


503846} 44. 
503463} 43 
503081] 42 
502699] 41 
502318] 40 


501936) 39 
501550) 38 
501175, +37 
§00796} 36 
500415] 35 
500037) 34 
499658) 33 
-499279) 3% 
498go1| 31 
498524) 90! 
.498146 
«497769 
»497393 
-497016 

. 496640 
496265} 
«495590 
°495515) 
.495140]* 27 


10.471298}10.023468)10 494766 20 


-47088T/10. 
~470465]10. 
»470050|T0 
-469634]10. 
.469219]19. 
468804]10. 
-468389]10 
-467975110. 
-467561jTO. 
-467147|10 
- 4667 34/10 
10.466321|10. 
10.465903|10. 
10.465496|roO 
10.465084|10. 


.110.464672|10. 


10.464261/10. 
10.4638501T0. 


10.463439|10. 


023511/10 
023554110 


.023596|10 


023639|10 
023682|10 
023725|10 


.023768)|10 


O238T1|LO 
02385 4/10 


-023897|10 


-494392 
.494019 
.493646 
-493273 
.492901 
- 492529 
-492157 
.491736 
-AQ1415 
491044 


.023940/TO 


023983|10 
024026]10 


.024070|10 


024113]10 
024156|10 
024200]TO 
024243|10 
024286}10 


«490674 
»499304 
489935 
-489566 
.489197 
. 488828 
. 488460 
488093 
487725 


DODD DODOOOO 


9 
9.512642 


— 


10.463028110.024330|10. 487358 


Tang. 


Co-tang Co-sec. | Secant. 


71 Degrees. 


TABLE XXYV. 
LOGARITHMIC SINES, TANGENTS, AND 8ECANTS, 


135 


19 Degrees. : 
M | Sine. |uib |Co- “sine,| D . | Pang. |Duiil. |Co-tang. Secant. Co-sec. | M 
ae 9.512642 hy gheee 9.975670) 95369721 40, 10.463028 10.024330 10. 437358 60 
I |9.513009] oe 9.975627 io 9 -§37382 ae 10.462618}10.024373 1o.a80u0%} 59 
@ 19.513375 bit 9+975583; 73 9-537792 ae. 10.462208/10.024417|10.486625| 58 
3 |9+513741) 616 |9: 975539, 73 9.538202 68> }£0.461798 TO.024461j10.486259] 57 
4 |9.514107 609 9. 973499) Sy 9-538611 684 boapa aed einaise 10.485893| 36 
5 9+514472 605 9. 975452 73 9-549020 ae ro. apogtol 10-024 yaaa -48 5328 55 
9.514837 608 [9° 975408, 73 9+539429) Go, [fO.40057T|10.024592110.405163) 54 
; 9+515203] 649 |9- 975365| 73 953983 680 10.460163 10.024035 10.484798| 53 
9+515506) 6o, 19-975321 73, |9°549245) 696 10.4597§5|10.024679|10.484434| 52 
9 9+515930 607 9.975277] 73 9 $4653 679 eA 593 347 ma ee SI 
10 |9.§10294 9. 975233) ~ 19.547001 0+4599 39/10 .024707]1 3706] 50 
———| 7+ 2 - ers) |-— | 679 |- a | | 
II |g.516657 te \9- 975189) As 9.541468 he 1p ©.453532(10. 02481T|10.483343] 49 
12 |9.517020} 60° 19-975545, 73 '9.541875| 649 (10: 458135 10.024855}10.482980] 46 
13 |9.517382 a. 9.975101 fo 9+ §42281 6us 10.457719|10.0248gg]10.482018| 47 
2 95477451 654 [2975957 73 ico a 6a" sy olde ro noes eae 46 
ie Leet 603 ae 73 el oe | 676 SOE a. cite Apts . Py 
; pee 163 9974999 74 9-5 543499 676 Ape el Bes en ee 44 
a 9» 5109291 665 pale a4 | 19 543995 675 are ack compen Paneate 43 
9+STII9O 667 |9+974880 a4 | 19544310 675 -455090;T0. 5190 480810] 42 
1919-51955 664 9.974836 74 19. 544715 674 ITO. “45585 10.0251 ia ame 41 
20 |9-519QII 9.974792 9+545T19] 1% |10.454881]}10.025208]/10.480089| 4o 
+> |o 600 |-—-——| 74 |-— 67: fg PUE RUPE 1: PHENE 
AI 9.520271) 645 |9-974748 iy 196545524 my 10.454470}10.025252|10.479729} 39 
2% |9.520631 9.972703 ie 9+545928) g19 |10.454072)10.025297/10. 4793691 38 
23 19.520990] 299 laeo74650| 1193540331 Ai 10.45366g)10.025341110.4790I0| 37 
24 19.521349 o79 9-974614| a 9.546735 gat |LO.453265}10.025 386]10.478651| 36 
25 19.§21707 98. 9.974579} 19547138 671 10.45 2862/10.02§430|I0.478293| 35 
44 9.522066 307 9.974525! 74 (9+547540 6a £9<45 2400 10.025475 10.4794 34 
J 19-522424) 506 |9- 974481 74, 197547943) 675 |FO+452057/TO-025519/10-477576) 33 
28 19.522781 96 |?" 974436) 74 (9+548345| 62g |fO-451655/10.025 504]T0. she 3 
29 19.523138 : ~ 19-974391 7A 19548747 669 40.451253)70.025609/T0.4 7.864 3 
30 |9.523493| 92 9-974340| /* [9.349149] 602 |10.450853|10.025653|10. 476598 Go. 
“31 |9-523 2.3852 a 9.974302 i 9.549550 ich 10.450450 10.025698 lO. 470148 29 
Be fies 6a 234 lovoraaral 201 lpseeoree| Ooi lre teocualeaecns rato, aieameten 
33 |9+524594 593 9974212) 2% 19-550352 667 -449040/T0, is 475 z 
34 [9.524920 303 9.974167 75 [97550752 665 T0.449248110.025833]10.475080] 2 
35 19-525275 392 9.974122 73 9-S5TIS2} ech 10.448348110.025878)10.474725| 25 a. 
36 19+525930) 227 199749771. a5 19+5515531 666 eee ables AAT Ea | 
37 19-525984 Rar 9.974032! a 9.551952 665 10.448048|10.025968]10.474016| 23 
38. 19.526339 390 9. 973997 73 9+552351 665 10.447649 ch POE atin go 22-| 
39 19.526693 go 19° 9739421.95219+552750) G62 |10-447250|10.026058)10.473307) 2k 
49 |9.527040 8 9-973897| a 9+553149 664 10.446851 10 .026103|10.4 10.472084! 20 
41 |9.527400 239 9-973852 ns 9+553548 664 10.446452|10.026148|10.472600} 19 
42 19.527753 233 9.97 a 9+553946| go> [10.446054 10. 9203951'9) 4s 18 
43 19.528105 83 9.973761! 75 19+554344 be $og958 ea? 39 big 71895 z 
44 19.523458 8 9.973716, 76 9+554741| G65 [FO-445259]10-026284)10.471542) I 
45 9.328810 389 9973071) 76 9+555139 A 10.444861 £0.020329 ese. 15 
46 19.529161 536 Hee. 76 [97555939 664 Santa 19.026379 eye nM 
47 19+5295T3) 296 |9+97359° 76 |9°555933) 667 ie : ei pRIVAtTT Xe 
48 |9.529864 335 19973535 76 9+556329] 66, |£0-443671|10.020405 eae | 12 
49 |9.530215 33% 9.973489 "6 9+5597251 665 [fO-443275 T0,026511 ey §\ 11 
52 19530563] 259 (9.973444) psss7t21 guge| 20248 2879|10.0265 56)t0: 4694 351.49 
$1 19+530915| 594 9. 9733 98 “6 19 557517 639 10.492483/00 ieee Bi: 469085 9 
epipieatéral 223 locoraser, 16 lo. pomsol| O89 roaarogahio.oasega|ta.46BQ0e) | 
53 |9+5310T4) 295 19-9733 ; 76 ;9°552309) 69g {TO 293 
54 (9.531943 5 I9.979261) / 7 ig. 558702 10.441298|10.0267309|10.468037| 6 
5 532312 582 | 73215) io ‘9.559097 658 10.440903|10.026785)10.467683] § 
55 |9+532312) ogy 9- oe , 76 | 637 Abedin: ue: 
56 |9.5 32061 381 9° 973169 76 9+559491 637 10.440509]10.026831)10.4 7339 4 
57 |9+533009] 29, |9+973124 26 9+559835) 626 |FO-4401I5|r0. 026876|10.466991] 3 
8 19.533357| Deo 973078 7 19 .§60279 5 10.439721110.026922}10.466643] 2 
$ 9 +§ 33357 580 | 9+ 46 | one 656 z 76068 6bdos, i 
$9 19+533794) 556: 19+973032- 6 |9- 560673). 65,. |£0-439327|0.020968)10. sade 
60 (9.534052 192972986, Bibl naa 104438934 10.027014]10.4 5948 ag 
_iM Co-sine. Sine. iCo-tang Tang. | Co-sec. | Secant..| M 
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20 Degrees. 
Diff. |Co-sine.| D. | Tang. |Diff.|Co-tang.| Secant. | Co-sec. | M | 


465948 
-465601] § 


——— 


-438934|10.027014]10. 
-438541|10.027060]r0 
-438149]10.027106]10.465255| 5 
-437756|10.02715§2/10,464908 
-437364|10.027198|10. 464562 
43697 2/10.027245]10.464217 
-435581|10.027291|10. 463871 
-436189]10.027337/10.4635 26 
©435798|10.027383)10.463182 
-435408]10.027430}10.462837 
-435017|10.027476]/10.462493 

10.434627|10.027522/10.462149 
10.434237|10.027569|10.461806 
10.433847|10.027615|10.461462 
10.433458|10.027662/10.461120 
10.433008/10.02770g]10.460777 
10.4326080]10.027755]10.460435 
10.432291|10.027802|10. 460093 
10.431902]10.027849|10.459751 
10.431514}10.027895]10.459410 


a ee 


9.972986 
9972940 
9.972894 
9.972848 
9.972802 
9+972755 
9 -972709 
9.972663 
9.972617 
9+972570 
9972524 
9-972478 
9+972431 
9 +97 2385 
9+972338 
9.972291 
96972245 
9+972198) 79 
|9-+972151 
9.972105 


578 
577 
577 
$77 
576 
576 
575 
574 
574 
573 
oa re 
572 
572 
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9.565373 
9-565763 
78 |9*500TS3 

9.566542 
9.566932 
567320 
567709 
508098 
- 568486 


“I 
fore) 
S 


M |Co-sine. 


9+972058 
9.972011 
9-971964 
9-971917 
9.971870 
9.971823 
9+971776 
9.971729 
9.971682 
9.971635 
9+971588 
9+971540 
G+971493 
9.971446 
9-971398 
9-971351 
9+971303 
9.971256 
9.971208 
9.971161 
9+971113 
9.971066 
9.971018 
9 «979970 
9.970922 
9.970874 
9.970827 
9-979779 
9-97973T 
9.970683 
9+970635 
9.970586 
9.970538 
9+979490 
9-970442 
9970394 
9 +970345 
9-979297 
9 +970249 
9.970200 
9.970152 
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58873 


on 


569261 


»§70035 
~§ 70422 
570809 
*571195 
-571581 


»572352 

-572738 
573123 
-573507 
573892 
574276 
-574660 
*575944 
575427 
-575810 
-576193 
-576576 
9+576958 
9°577341 
9-577723 
9.578104 
9.578486 
9.578867 
9+579248 
9-579629 
9.580009 
9+ §80389 
9580769 
9.58114 


OOwooowwclwowv 


ODOOwowvwTeooowo 


- 1g.58152 


. 581907 
P 5Ba986 
9.582665 
9+ 583043 
9.583422 
9.583800 
y-§84177 
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° 569648 6 


-571967| 6 


Io. 


Io 
Io 
Io 
Io 
Io 
Io 
Io 
Io 
fe) 


Io 


Io, 


10 
Io 
| Fe) 


Io, 


To 
5 fe) 


4307 39/10. 
430352|10. 
429965|10.¢ 
429578|10. 


42919I}TO 


428805]10, 
.428419|10,028271/10.456690 
.428033/10.028318/10.456351 
.427648/10.028 365|10.456013 
-427262/10.028412 
10.426877|10 
-426493|10. 
426108]10. 
©425724/10, 
-425340|10. 
-424956]I0. 
424573}10. 
-4241g0|10 
-423807/TO, 
IO. 


—— 


Io. 
10. 
Io. 
Io. 
Io. 
Io. 


423424|10 


423042|10 
422659|10 
422277110 
421896|10 
421514|10 
421133/10 


028130|10.457707 
.028177|10.457368 
028224|10.457029 


———— 


.028460]10.455337 
028507|10.455000 
028554|10.454662 
028602|10.454326 
028649|I0. 
028697/I0. 
028744/10. 
.028792/I0. 
02883g|10. 
.028887/10. 


.028934|10.451976 
.028982|10.451641 
.029030|10.451307 
.029078/10.450973 
.029126|10.450640 
02917 3)10 450307 


10.420752/10.029221|10.449974 
10.420371|10,029269/10.449641 
10.419991|10.029317|10.449308 
10.419611|10.029365|10.448976 


to. 
Io. 
Io. 
Io. 
Io. 
Io. 
Io. 
Io, 


419231/f0, 
418851]I0. 


418472]10 


41809310. 
4177T4|IO. 
417335|10- 


416957|I10. 
416578]10. 


10.416200/10 


10 
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.415823]10 


029414/10.448644 
029462/10. 448313 
.029510}10.447982 
029558|10.447651 


.0298 
.029848)10.445671 


Secant. 


10.455675) 30 
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LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
_ 21 Degrees. 

M | Sine. |Diil.!Co-sine.| D. | ‘Tang. |Diif. |Co-tang.| Secant. | Co-sec. | M 

© (9.55432 548 9+970152] 9, 9.584177 629 10.415823]10.029848]10.445671| 60 

I 19-5545 548 [9797993] gy 9+584555| 65 |FO+415445/10.029897|10.445 342) 59 

2 19-554987 547 9+970055] 95 9.584932 628 T0.415068|10.029945|10.445013] 58 

3 19-555315 547 9+970000) 95 9.585309 628 10.414691/10.029994|10. 444685] 57 

4 (9.555043 346 9.969957 81 9.535686 627 10.414314|10.030043/10.444357| 56 

5 19-555971 346 9+969909| 9, |9-586062 627 10.413938/10.030091/T0.444029] 55 

6 |9.5562y9 545 9.969360 31 |9 586439 67 T0.413561j10.030140|10.443701| 54 

7 |9.556626 345 9-QO98IT] 97 |9-586815) 606 |10.413185/10.030189|10.443374] 53 

8 9.556953 344 9909762} 9° |9-587190| 676 [10.41 2810|10.030238]10.443047| 52 

9 |9.557280 544 9969714 9, |9+587506 625 10.41 2434|10.030286/10.442720| 51 

eee Peer) Ti, 2-209 |g, |9-5°794U GO. 12059110 ,0203.35 110. 44880a 9 

II 19.557932 ie 9.969616 85 9.588316 ie 10. 411684|10.030384|10.442068) 49 

12 19.553258 343 9.969567 8 9.588691 eet 10.411 309|10.030433|}10.441742| 48 

13 |9.558583 342 9.969518 85 9.589066 bah 10.410934|10.030482|/10.441417| 47 

14 |9.558909 342 9.969469 4 |9-589440 623 10.410560|10.030531|10.4410g1| 46 

1§ 19.559234 341 9.969420 83 9+ 589814 23 10. 4TOL86|10.030580/10.440766] 45 
16 |9.559558 341 9.969370 85 9.590188 2 10.409812|10.030630}10.440442| 44 | 

17 |9.559883 340 9.969321 85 9.590562 Bas 10.409438/10.030679|10.440117| 43 
18 |9.560207 40 9.969272 8 19*599935! 655 1O0.409065|10.030728}10.4397931 42 | | 
1g |9.560531 5 9.969223 85 9-§91308 10.408692/10.030777/10.439169| 41 | | 
_20 |9.560855 oe 9969173 8 9+ 591681 = TO. 408319/10.030827/10.439145| 40 | | 

2I |9.561178 38 5.960124 84, 19+592054 pa 10.407946|10.030876)10.438822] 39 

22 |9.561501 338 9+960075] 95 9.592426 no [LO+407574|10.030925|T0.438499 38 

23 |9.561824 337 9.969025 85 9.592798 Ab 10.407202|10 030975110.438176| 37 

24 |9.562146 337 9968976] 9° 19-593171| 615 [fO-400829]f0.031024|10.437854 36 

25 19.562468 336 9.968926 83 9-593542)- 674 10. 406458|10.031074|10.437532| 35 

26 |9.562790 336 9.968377 83 9-§93914 619 10. 406086|10.031123/10.437210] 34 
27 |9.563112 336 |9 968827 83 (9 «594285 619 [EO+405715|19-031173 10.430888) 33 [{ J 
28 (9.563433 335 9.968777 83 9.594656 619 {10+405344/20-031223 10.436567| 32 | | 

%2 19.968728 gy 19°595027| Gig |10.404973 10.031272|10.436245| 31 

%2 -19.968678 vi 9.595398 ri 404002|T0.031322/10.435925| 30 

9.968628 a 9+595768 ty : .031372|10.435604] 29 

9.968578 93 9-596138) Aer [70.403862 10.031422/10.435284! 28 

9.968528} oY 19.59650 16 |20+403492|10-031472 10.434964| 27 

9-968479] oF |9-596878 616 [bO+403722|10.031521 10.434644| 26 

9.968429 83 9.597247 615 10.402753}10.031571110.434324) 25 - 

9.968379 83 9.597616 Si: T0.402384/10.031621|10.434005| 24 

9.968329 83 9.597985 615 |20+4020T5 10,031671|10.433686] 23 

9.963278 83 9.598354 614 10. 401646|10.031722/10.433368) 22 

9.968223 84 9.598722 614 10, 401278|10.031772/10.433049] 25 

DeOOB ET | 2° SOROUT sg St. 40090 10, 09 184986 4a7 Sa) ae 

9.968128 84 9.599459 613 TO.400541|10.031872/10.432413} 19 

9.968078 84 9-599827 13 1040017 3}10.031922/T0.432096) 18 

9.968027 84 9.600194) 655 10. 399806|10.031973/10.432778) 17 

9.967977 84 g.600562 1A 10. 399438|10.032023/10.431461| 16 

9.967927 84 9.600929 61T [£0+399071|10.032073/10.431144) 15 

9+967876}. ¢) 9.601296 611 |1° 398704|10.032124/10.430828] 14 

9.967326 84 9.601662 Ait 10.398338|10.032174|10.430512] 13 

9.967775 84 9.602029 610 |[£0+397971|10.032225 10.430196| 12 

9.967725 84 9.602395 aye 10. 397605|10.032275/10.429880} 11 

9.967674 84 9.602761 ro (202397239 10.032326/10.429565| 10 

9.967624 84 9.603127 0g 10.390873|10.032376|10.429249] 9 

9.967573 84 9.603493 609 10. 396507|10.032427|10,428934| 8 

9+967522] 9, |9.603858 609 10. 396142|10.032478]10.428620] 7 

9.967471] 92 19-604223) 648 [10-395777|10.032529)10.428305) 6 

9.967421 85 9.604588 608 |10+395412|10.032579/10.427991| 5 

9.967370 8s 9.604953 607 10.395047|10.032630/10.427677| 4 

9.967319 Bs 9.605317 607 10. 394683|10.032681|10.4273641 3 

9.967268 8s 9.605682 607 10. 394318/10,032732|10.427050] 2 

9.967217} 9 9.606046) 666 |10-393954 10,032783|10.426737) I 

9.967166 5 |9.606410 [10 .393590}10.032334|10.426425| © 

Sine. Co-tang}. | Tang. Co-sec. | Secant. | M 
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-383849]10.034228/10.418076] 33 
-383491110.034280}10.417771| 32 
ee 10.034332/10.417465| 31 
.39277 10. 0.034385 10. 10.417100 30 
RATT: 10. 034437 10.416855 “29° 
10. 382061|T0. 03448y}10.416551 23 
TO, 381705|1Q,034542|10.416246) 27 
10.381348]10.034594|10.415942! 26 | 
10.380992]10.034647|10.415639| 25 
10..380636/10.034699|10.415335/ 24 
10. 38027g|T0.034752/TO.415032} 23 | : 
10.379924|/10.034805|10.414723} 22 | 
10.379568110.034857|10.414426) 21 
10.379213/10.0349T0|I0.414123} 20 


- 581924 
£§82229] 209 


f | 23 Ig 
29 |9.582535| 2-9 
_30 |9.582840 a 
| | 3t |9-583145] 29 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
M | Sine. |Diff.|Co-sine.| D. | ‘Tang. |Diff.|Co-tang.| Secant. | Co-sec. | M u| 
© 19+573575] ey 10. 393590}10.032834|10.426425] 60 | 
X 19.573888 a 10. 3932271T0.032885|10.426112] 59 
2 |9.574200 ee 10. 392863/10.032936|10.425800] 58 
3 19.574512 Ve 10. 392500]10.032987|10.425488] 57 
4 19.574824 A IO. 392137|10.033039]10.425176} 56 
5 |9. ae 10.391775|10.0330g0]10.424864} 55 
5 |9. 213 TO. 391412|10.033141|10.424553! 54 
7 |9. At 10. 391050/T0.033192|10.424242] 53 
8 I9. a 10.390688/10.033244|10.423931| 52 
y |9. = 10. 390326/10.033295/10.423621| 51 
Io |g. ae 10. 389964 10.033347|10.423311| 50 
iy gis co 10. 389603 10.033398 IO, 423001 49 
12 19. ae 10. 389241/10.033450/10.422691! 4 
13 |9. 5 10. 388880|10.03350F|10. ‘apagtel at 
4 |. 515 10. 3885 20|10.033553|10.422073| ne 
T5 19.578236 ae 10. 388159|10.033605|10.421764) 45 
16 9.578545 a 10. 387799|10.033656|10.421455| 44 
: 2 at 10. 387439|10.033708]10.421147| 43 
ee 10. 387079|10.033760/10,420838! 42 
4 TO, 386719 10.033812|10.4205 39] 41 
at 1D; 10. 386359 10 .033864/10.4 420223) 40 
5 oi 10, 38600010.0 033915;10. 419915 39 
392| 91? fontaine, 10,033967|10.41g698! 38 
pte «385 2821TO.034019!10.419301| 37 
5} 22. »384923}10.034071|10.418995] 36 
sit -384565/10.0341 24/10. 418688) 935 
ib -384207/10.034176}10.418382) 34 


32 19+583449] < 

33 |9-583754] 257 
34 19.584058 306 
.384665| 502 
-o. Zo| 500 
584968 305 
595 
504 
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OOO OO O 

1 On 

lo e) 

Pat 

S) 

~~ 
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eon 9. 905037 99 10.3 378858 10.034963]10. 10.413821 9 
42 |9.586482 ot 964984 98 10. 378503 10.035016/10.413518] 1 
43 19.586783 503 9.964931 39 10. 378£48/10.035069|10.413217| 17 
44 19.587085 302 [9° 964879 99 10.377793|10.035121/10.412915| 16 
AS |9-587380) 20, |9-904826) 99 10.377439|10.035174|10.412614| 15 
; 46 |9.587688 sor |9° 964773 99 10.37.7085 /10.035227|10.412312) 14 | 
Y | 47 |9.587989 301 9 +9647 20 23 10. 376731|10.035280/10.412011) 13 
48 |9.588289 301 9° 964666 8 10. 376377|10.035334|10.41171N 12 
49 |9.588590) 22, 19.964613) af [9.6 Q ~376024|10.035387/10.411410) 11 
59 |9.588890 ait 9.964560 Hee Q 624330 Bb: 375670 10.035440|10.43IIL0} IO 
‘st 9 «589190 5 9. 1.964507 is 9. 624683 rey 10. 375317|10.035493]/10. 410810 Q 
52 |9.589489] 499 Io.964454 33 9.625036 239 1©.374964|10.035546|10. 410511 
53 19-589789 day (9964400 a 9.625388 389 10. 374612/10.035600]/10.4TO21T} 7 | 
54 |9.590088 408 9.964347 89 g.625741 389 1O_ 374259|10.035653|10.409912| 6 | 9 
9.590387 9.964294 89 9.626093 384 10. 373907|10.035706|10.409613) § | 
9. 9+964240 9626445} 29% |104373555|10.035760|10.409314] 4 
9. 9.964187 10.37 3203/10.035813/10. 409016) 3 
9.964133 336 10. 3728§1|10.035867|10.408713} 2 | 


9.964080 


406 9+964026) 97 89 10. 372499/10,03592c|TO. 408420] TF 


TO. 372148|10.033974|10.408122] © js 


9+591878 62785a) 10.035974/10.408122) © bal 
Co-sine. — |Co-tang Tang. Secant. | M |) 
67 Degrees. 


, ae 


60 


55 
5 590636] 498 
§90984 497 
28 9.591282 49 
Sine. 
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_ 23 Degrees. 
Sine. |Diif. |Co-sine.| D. a Tang. |Diff.!Co-tang.| Secant. | Co-sec. | m 


0 (9. 591878 9. 964026) 89 

9-39247a| 495 |9.963919) 89 
2770 1963865| °9 | 

9:393067| 495 |9.963821) 9° 
72621 494 13 oGzaenl 9° 

9: 533 3 4 19993757) 

9-593059 

9: 

)s 


9 585 £0.372148}10.035974/10.408122| 6o 
g.628203 385 |£0°371797 10.039028|10.407824} 59 
9.628554 585 10.371446|10.036081]10.407527| 58 
9.628905 58 10.371095]/10.036135|10.407230] 57 
9.629255 584 |20-370745 10,036189|10.406933} 56 
9.629606 583 10. 370394|10..036243|10.406637! §5 
o 
“, 
9 
9 
9 


9.963704 a 
593955 9 903050 

: : go 
*$94251 44% 19-963599| 95 


.629956 5 QQ [FO#370044 10.036296/10.406341| 54 
593 10. 369694|10.036350|10.4060045| 53 
.630656 5 10. 369344|10.036404|10.405749! 52 


=, 


9 19-594547| 455 19+963542) O31O0S) ge |TO-308995]10 .030458|10s4e5453) 51 
30 |9.594842 seh: 9.963488 631355 “82 10. 368645|10 .036512|10.405158} 50 
1X |9.595137] 404 9.963434 2~ |9.631704 33 10.368296|10.036566]10. 4048631 49 , 


13 9595727 9.963325] 2 10. 367599|10 .036675|10.404273| 47 
14 |g. 390021 aot 2 9.632750 es 10.367250|10.036729]10.403979| 46 
I5 |9-596315 
16 {9.596609 
17 |9-596993 
1819-59719] 180 |9-963054 
19 19-597490} agg |9-902999) 9 
20_|9.597783 438 (2: 9+962945 
2I_|g.5§98075 487 |9 9.962890 
22 19.598368 487 |9° 96.2836 
23 |9.598660 9.962781 
24 19-5989521 496 9. 964727| 6 
25 |9-599244) 496 |9-962672 
26 19.599530) 43. |9-962617 Or 
27 19-599827| sg: |9-96256a 
28 19.600118) “5? |9.962508) 
29 |9-600409} 19% 19-962453 
_30 9.600700 a to 962.398) 

3t |9.600990} 49 9. 9-962343| 23 
32 \9. yas rea is 
33 |9-0015 422 |9°992233) 
34 19. bor 860 ws 9.962178) 9 


9.633098 580 10. 366902110.036783}10. 403085) 45 
9.633447 380 10. 36655 3/10.036837110.403391| 44 
9.633795 85 10. 366205110.036892110.403097] 43 

5 10. 365857110.036946/10.402804] 42 
9.634490 579 Io, 3655 10|10.037001110. 402510) 41 
9.634838 579 Ito, 10. 365162 10 .0370§§|10 402227] 40 


2 10.364815 10,0371 LO|TO.401925] 39 | 
9.635532 as 10. 364468}10.037164/10. 401632} 38 | 
9.635879 _ 10.364121|10.037219 TO.401340] 37 
9.636226] 97° |10.363774|10.037273|10.401048! 36 
9.636572 577 |70,363428|10.037328110.4007561 35 
19636919 577 10, 363081 10.037383|10.400464| 34 
577 110, 362735110.037438|10. 400173] 33 
T 9.637613 sty 10. 362389|10.037492|T0. 399882] 32 
1 |9°637956 or TO. 362044/10.037547|10.399598| 37 
T 9.638302] 57 10. 36168} 10 .037602}10 . 399300} 30 


638647 TO. 361 35 3110.037657|10.399010| 2 
638992] 575 110. 361008]10.0377121TO. 393720] 28 
575 10. 360663110.037767|10.398430] 2 
9.639682 575 10. 360318|10.037822/10.398140| 26 
640027] 374 |10,359973|10.037877|10.397850} 25 


9 
9 
9 
: 9 
35 |9-602150] Vo. 19.962123 9 
a6 9.640371] 274 |10.359629|10.037933|10.3975081 24 
9 
9 
9 
9-9 


y) 

2, 

26 |y.602439} 70. 2067| 2% 
< 482 [2° 7 : 640716] 274 110.359284|10.0379881T0. 397272] 23 

i .641060 573 10. 358g940|10.038a4 3|10.396983} 22 

~ 19641404 573 10.3585 96|10.038098)]10. 396695} 21° 

fi ELL 573 10.358253]10.038154]10. 10.396406| 20 

a 10. 3§7909|T0.038209|10. 396118] 19 
9. ry: 434 zh 10.2575 66|10.038265|10.395830] 18 
9.642777 a, |19+357223 T0.038320/10. 395543} 17 
3 |9-643220 57% 179, 356880}10.038376|T0. 395255] 16 
‘ 57! 10.356537|10.038431|10.394968] 15 
9.643806 571 T0.356194]10.038487/10.394681] 14 
$70 10. 35585 2|10.038542 10.394394) 13 
9.644490 fe 10.3555 10|T0.038598|/10.394108| 12 
9.644832 ate 10. 355168}10.038654110.393821| LI 
9.645174 oe 10. 354826 10.0387 10/10. 393535 _I0 
6 TO. 3§4484170.038765|10. 393249 
242 10.354143110.038821/10.392964 
at |10.353801110 .038377|10. 392678 
yy 10.038933/10. 392393 
10.038989)10.392108 
50.039945]19 391823 


37 |9.602725) © 9. 962012, 
38 |g .603017 9.961957 
39. 19603305 9.61902 
40 19.603594 9.961846 
4! jg. 9.603882 9. 9.961791 9 
42 |9.604170) 7 1735 

43 19.604457| 479 §96r689| 92 # 
44 |9.604745| 279 Io. 961624) 2 
45 9.605032] 472 19.961569, 
49 19,605 319 
47 {9.605606 9.961458) 
48 |g.605892| 7 is 961402) ? 
| 49 |9.606r791 477 19.961326' 9 
5° 19.606465 477 9.961290) 9 


§1 9.606751) |. |g. 9.961235) 
32 |9.607036| 47° |9.961179 
§3 19.607322] “/~ i9g.g61123! 9 
34 |9.407607| 475 ie 961067! 
55 |9.607392 475 | 9.961011) 
56 |9.608177 §.960953' 93 
57 19.608461 in 9.960899, 93 
53 9.608745| 9.960843) 
§9 |9.609029} “4° 19.960786 

6o 19.609313 tap 


: 609313 g. 960730 40 Hs 648583) ° 
} | m (Co-sine. Sine. | Got Co-tang Tang. | Co-sec. | Secant. | 
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9.961513 53 


joss 


2 110.35 3460 
9.646881] 9°3 |10.35 3119 
at 8 Mig pe. 
9.647222 10.35277 


10.252438!10.029TOLILO. 3915 39 
>. 647903] 104352097 /10.0391§7|10. 391255 

Roh 10.351787/10.039214|10. 390971 
7 110.3§1417110.039270|10, 3906037 
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12 19-595453) so; 9.963379 ee oor 10.367947|10.036621/10.4045 68) 48 
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140 TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


24 Seay OY oo LS, ee Ore 


Pang. Diit. |Co-tang.| Secant. | Co-sec. | M 


FF M | Sine. Diff. Co-sine.| D. 
© |9.609313 rang 960730 10.351417|10.039270/10.390687| 60 
I |9.609597 aa 9.960674 10.351077|10.03932A/1C. 390403} 59 
2 |9.609830 472 9.960618 TO. 350737|10.039382/10. 300120] 58 
3 |9.610164 472 9.960561 10. 350398]10.039439|10. 389836] 57 
4 19.610447) 1-7 |9-960505 10. 350058}10.039495)10. 389553} 56 
5 |9.610729 47t 9.960448 10. 349719|10.039552|10.389271| 55 
6 |g.611012 470 (2 960392 10. 349380|10.039608/10. 388988] 54 
; Sealer 470 9. 900335 he Hse aye Gre TO. Rete 53 
.61157 9.960279 10.348703/10.039721|10.388424| § 
9 , 611858 a 9.960222 10. 348364}10.039778|10.388142| 51 
_10 |g.612 612140 sit 9. 9.960165 10. 348026 10.039835|10.387860, 50 
re 612421 he g.g6orog Io. 347688|10.039891} 10.387579| 49 
12 9.612702 463 |9° g6005 2 10. 347350 10.039948|10. 587298 48 
13 19.612983 468 |9°959995 10.347012|10.040005}10. 387017] 47 
14 |9.613264 467 9-959938 10.346674/19.040062/10. 386736) 46 
1§ |9-613545 464 9.959882 10. 346337|10.040118|10. 386455] 45 
16 |9.613825 467 |9° 959825 10. 346000]10.040175|10. 386175] 44 
17 |19-614105 466 |9° 959768 T0.345663|10.040232/10.385895] 43 
18 {9.614385 466 |? 9s9qr1 10. 345320|10.040280|/10. 385615] 42 
19 |9.614665 466 |9° 959654 10. 34498g|10.040346|10. 385335] 41 
_20 |9.614944 neers 9+959596 TO. 34465 2/10.040404|T0. 385056] 40_ 
i |9.615223 463 197959529 T0.344316|10.040461|10. 384777] 39 
22 19.615502 465.19" 959482 10.34 3980/10.0405 18/10. 384498) 38 
23 |9.615781 464 |9°959425 10. 343044|10.040575/10. 384210] 37 
24 19.616060 464 (9° 959368 TO. 343308/10.040632/10. 383940] 36 
25 |9.616338 164 19°959310 10. 34297 2|TO.040690/10. 383662) 35 
26 19.616616 463 9-959253 10, 342636|10.040747/10. 383384] 34 
27 |9.616894 463 9-959195 10. 342301|10.040805|10. 383106) 33 
28 |9.617172 6a 19*959738 10.341966]10..049862|10. 382828} 32 
29 |9.617450 yy 9.959080 10.341631T|10.0409Ig|10. 382550] 31 
30 |9.617727 402 19..959023 10... 341296)10.040977|10. 382273) 30 


10.340961]10.041035|10. 10. 381996] 29 


32 |9.618281 461 9.958908 10£340627|/10.041092|10.3817Ig| 2 
33 |9.618558 461 9.958850 10, 340292/10.04T 10/10. 381442] 27 
34 |9.618834 460 9.958792 10.339958|10.041 208|10. 381166) 26 
35, |9.619110 ve 9.958734 10. 339624|10.041266|10. 380890] 25 
36 |9.619386 460 |9° 958677 10. 339290/10,041323|10. 380614) 24 
37 |9.619662 459 |9° 958619 10. 338957|10.041381|10. 380338] 23 
38 |9.619938 Ne 9-958561 TO. 338623110.041439|10. 380062] 22 

eg 9.958503 TO. 338290|10.041497|L0.379787| 21 

~@ 19:958445 T0.337957|10.041555|10-379512| 20 


10. 337024 10.041613}10.379237| 19 
10: 337291|10.041671|10.378962| 18 
10, 336958 10.041729|10.378687| 17 
10.336625|10.041787|10.378413| 16 
10.336293|10.041846)/T0. 378139 15 
10. 335961|10.041904/10.377865| 14 
10.335629]10.041962|10. 377591] 13 
10. 335297|10.042021|10.377318] 12 
T0.334965|10.04207g/10. 377044 I1- 
10. 334634 10.042137|T0. 10.376 6771} 20 
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ped 9 -958329 
457 9.958271 
457 |9° 959243 
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9+958038 
9+957979 
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| 


5I |g. abe ios 434 |9° 957804 9 TO. 334303|10.042196|10. 10.376498|° 9 
52 |9.623774 434 (9° 957740 10. 333971|10.042254/10.376226} 8 
53 |9-624047) 24 |9-957087 10.333040|10.042313/10.375953] 7 
54 |9.624319 433 9-957628 10. 333309|10.042372|10.375681| 6 
55 |9.624591 483 9. -957570 10.332979|10.042430)10.378409| 5 
56 |9.624863 453 |0°957521 98 10. 332048 10.042489)10. .378137| 4 
§7 19.625135 452 |9°957452 9 10.332318|10.042548)10.374865| 3 
| 58 |9-625406) 7, 19-957393 10. 331987|10.042607|10.374594| 2 
59 |9 625677 452 |9°957335 10.331057|10.042665|10.374323) I 
60° 9.625948 9.957276 10. 331328]10.042724/10.374052| Oo 
'm |Co-sine. Sine. Tang. | Co-sec. | Secant. | M 
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9.625948 
9.626219 
g 626490 
9626700] 720 
9.627030 
9.627500 4 
9.627570 
9.627840 
9.628109 
9.628378 
9.628047 
II |9.625916 
12 (9.629185 
13 |9.629453 
14 |9.629721 
9.629989 
9.630257 
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al 


41 {9.6 
42 |9.637148 
43 9.637471 
44 |9.637673 
45 |9-637935 
46 |9.638197 
9.638458 

“19 -638720 
9.638981 

9-639242 

51 |9.639503 
52 |9-639764 

9.640024 
9.640284 
9.640544 
ig .640804 
9.641064 
9.641324 
9.641533 
9.641842 
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9.957040 
9.956981 
9.950921 
9.956862 
9 -950803 
9+956744 
cn Nt 
9956625 
9.956566 
9.956506 
9.950447 
9 956387 
9 +956327 
9.956268 
9.956208 


9.956148) 7 


9 +956089 
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9.955029] | 
9 -955969) | 


9+9559°9 


9.955849] | 
92955789] | 
9-955729} 5 
9+955069) | 


9 +955 609 


9-955548| © 
" 19.955488 
9-955428) 
9+955368) | 


9-955397 
9+955247 


9.955186} 
9.955126 ; 
9+955065! | 


9 «955005 
9-954944 
9-954883 


9954823] | 
9+954762] 5 


9+954701 


9.954640 : 
19+954579 


9.954518 


6 |9-954457] 


9.954396 


9-954335 I 
9.954274) | 


19-954213 
19-954152) 


9+9§4090| | 
9.954029] | 


9 953968 


9-953906| + 
9-933845) 5 
9-953783} | 
9+953722| 5 


9.953660 


— ——_— ——— 


M | Sine. |Diti.!Co-sine.! D. 
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9 
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9.668672 
9.669002 
9.669332) 2 
g [9669661 

9.669991] 2 
9.670320 5 
9 670649 


9. 
9.688182 
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Dill. |Co-tang. | Secant. 


10.331328]10. 
10.330998]T0. 
10. 330608}10. 
10. 33033910 
10.330009]10, 
T0.329630)10. 
10. 32935110. 
IO. 329023/10. 
10.328694|10 
10. 328366)10 
|L0.328037|10. 
10.327709g|10. 
10.327381/10. 
10.327053|10. 
10.326726|10. 
1Q.326398|10. 
10.326071|I0. 
10.325743]/10. 
10.325416|10. 
10. 3250g0}10. 
10.324763 
10.324436\t0. 
10,3241 10|10 
10.323783|10. 
10, 323457/10. 
10.323131|10. 
10.322806/10. 
10. 322480|To. 
10.322154|10. 
10. 32182g]10. 
10.: 
10. 321179g]10 
T0.320854/fC. 
10.320529/10. 
10.320205|10 
10.319880j10. 
10.319556]/10. 
10.319232/10 
10. 318908 
10. 318584 
10, 318260 


Io. 
IO. 
Io. 


10. 317937)10. 
6317013110. 
“317290110. 
»316967)T0. 
31664410. 
316321110 
.315999|T0. 
~315676)10. 
10.315354/10. 
10.31§032)10 


»3143838)10. 
»314066/10. 
+313745|10. 
313423110. 
.3T3102/10, 
31278 


io, 


| 
10.312139) 
IO. 


10.311818 


10.0439TT|I0. 


+368407| 39 
-368141| 38 


.04403|L0 
367875] 37 


321§04|10. 
.044572/10.365751 


2045720 
»314710|10.045787 


er 


— 


042724110. 
042783/10. 
042$42/10. 


.O429OT|IO. 


042960]T0. 
043019 )10. 
043079]/10. 
043138)10. 


-043197|10. 
-043250/IO. 


OFSS nite 
043434) TO. 
04349410. 
943553|19« 
043013/10. 
043673)10. 
043732)10 
04379210. 
04385210. 


04397 1/10 


04409110 
O44 1§1|10. 
04421Ij10. 
044271|10. 
044331|10. 
044391/10. 
044452/10. 
O044512/10. 


04463210. 
044693|10. 


.044753|10. 


044814/TO. 
044874/10. 


-044935|10. 
- 363903 


044995|10 
045056/10. 


045177|10. 
045238/TO. 
04529g|10. 
045 360)}10. 
045421/TO. 


.045482|TO. 


045543)10. 
045604|TO. 
045665|10. 
TO. 


Io, 
Io. 
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10. 
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To. 


045848 
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045971 
046032 
046094 


10,.046155|10. 358936 
» 312460}10.046217110. 358676 
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0463.40 
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043310/10.371353] § 
©37 1084 


- 369476 


045117|10. 363377] 20 


peta leah cardi 


141 | 


"a 


3740952; 0 
373781 
373519 
373240 
372979 
372792! § 
372430! § 
372100 
371891 
371622 § 


370315 
379547 
379279 
370011 
369743] 


369208 
368941 


368674) 40 


367608] 36 
367342! 35 
367077| 34 
366811] 33 
366546) 32 
366281] 31 
266016} 30 


4 
- 


28 
27 
26 | 
25 


365486 
305222 
304958 
364694 
364430 
364166 


363640 


363114 
362852 
362589 
362327 
362065 
361803 
361542 
361280] 
36rory Ir 
360758! 10 


360497 
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359976 
359716 
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3591G6 
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9.643908 


Y |9-644165 
To 19.644423 
Ir |g.644680 
14 |g.644936 
13 |9.645193 
14 9.645450 
15 |9.645706 
16 |y.645962 
17 |g.646218 
18 |9.646474 
Tg |9.646729 
_20 |9.646984 
i: 9.647240 
22 |9.647494 
23 |9.647749 
24 |9.648004 
25 |9.648258 
26 19 648512 
27 19 6.48766 
28 19.649020 
29 |9.649274 
39 9649527 


9.649781 
9650034 
9.650287 
9.650539 
9.650792 
_|9-651044 
9.651297 
9-651549 
9.651800 


40, oe «652052 


4 
42 
43 
44 


| 51 
52 
53 


$4 |9-655556 
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M 


9. «652304 
9.652555 
9.652806 
9.653057 
9.653308 
9.653558 
9.653808 
9654059 
9.654309 
9654558 
g-654808 
9.655058 
9.655307 


g.655805 
. 656054 
9.656302 
9-656551 
9. 636799 
9-657047 


Co-sine. 


431 
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431 
43° 
430 
439 
430 
429 
429 
429 

28 
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427 
427 
426 
426 
426 
425 


425 ~ 
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424 
424 
424 
423 
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421 
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A420 
420 
420 
419 
419 
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418 
418 
418 
418 
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416 
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415 
415 
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19 +949881 


953060]. 
-953599 
-953537 
-953475 
-9534%3 
-953352 
953290 
953228 
953166 
953104 


103 
103 
103 
103 
103 
103 
103 
103 
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104 
104 
"| 104 
104 


9 +95 2350 
9 «952294 
9.952231 
9.952168 
9.952106 
9 +95 2043 
9+951980 
9+951917 
9+951854 
9+951791 
9.951728 
9 +951665 
9.951602, 
9+951539 
9+951476 
9.951412 
9+951349 
9.951286 
9.951222 
9-952159 
9 +95 1096 
9 «951032 
9.950968 
9 «950905 
9.950841 
9+950778 
9.950714 
9.950650 
9+ 950586 
Q4859532 
9950458 
9+950394 
9 «950330 
9.950266 
9.950202 
9950138 
9 +950074 
9.950010 
9+949945 
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26 Degrees. 
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9.693293 
9.693612 
9.693930 
9.694248 
9.694506 
9.694883 
9.695201 
-695518 
695836 
.696153 


9.700578} » 
9.700893] <7° 
«701208 
.701523} 2 
.701837 
.702152| 2 
~702466] + 
»702989 , 
© 793095 
- 703409 
.7037 23 
g «704036 


ReS3s 55555! 


9.704663) 205 
9.704977| 22, 
9 6705290 
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9.707166 
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Io, 


10. 


Io. 
“|TO. 
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ee 


-3118r8{TO. 
~3114g8}r0 
-311177|10. 
-310857|10. 
310537110. 
»310217|10. 
-309897|10. 
»309577|10 
»309258]10. 
-308938/10. 
10. 308619]10.0) 


IO. 308300] 10.0. 
307981]10. 
-307662]I0. 
*307344/10. 
30702510. 
.047331|10. 
306388|r10. 
306070 
© 305752/f0. 
TO. 305434|10.0 
~ 30511710. 
»394799)10 
© 304482/10, 
© 304164|10 
303847110. 
»303530/10. 
303213/T0. 
.3028g97|10. 
© 302580]10. 


3067074|10 


-302264]10. 


301947]10. 
Z01631/T0. 
Z013I15|I0. 


300999)/10 


300684]10. 
300368|10. 
30005 3}10. 
299737 |10- 
299422/19. 
10.299107|10.: 
10.298792|10.. 
»298477|10 
.298163)10. 
.297848|10. 
-297534/10. 
.297220/10 
.296905]T0. 
.290591|TO. 
.296277|TO. 
.295964|10 
.295650|T0. 
»295337|10- 
.295023/10 
.294710]TO 
-294397|10. 
6294084]I0. 
293772110 
-293459Q)10. 
.293146/10. 
292834110. 
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046340]I0, 
»O4640i]10. 
046463|10. 


046525!10. 
046587]10. 
0460648)10. 
046710}10, 


.046772\10. 
046834/10. 


046896)TO. 
046958)/10.35 


047020|10. 


047082)I0., 
047145/10. 


047207|10 
047269|10 


047394|10 
04745610. 
047519}10. 
047581|10.3 


10.047644|T0. 


-047706]Io. 


047769]rO. 


.047832|10, 


047894|10. 


047957|T0. 


048020!10 
048083]10 
048146\r0. 
10.048209/10.35 


10.048272|10. 35 
048335|10 


048 398/10. 
.048461|T0O, 
048524|10. 


048588110 


048651\TO. 
048714}10. 
048778]/10. 
o48841tlIo. 


048904|10. 


.048968] ro. 


049032I/10. 


049095!10. 
O49159|10. 
.049222I1r0. 
049286|r0. : 
049350}10. 4 
049414]10.: 
.049478|10. 


049542110.3 
049606|10. : 
.049670]10.3 
-049734/10.; 
04979810. % 
049362/10.3 
.049926|10 


049990|10 


050055|10. 


O5OITQ|IO. 


-_-— -— |} - 


63 Degrees. 


Co-sece. 


Secant. 


358158 
357399 
357640 
357382 
357123 
350865 
356607 
356350 
356092 
355835 
355577 


355320] 49 
355064) 48 
3548097] 47 
354550] 46 
354294] 45 
3540381 44 
353782) 43 
353526] 42 
353271| 41 
353016) 40 
10. 352760) 39 
352500) 38 
352251] 37 
351996} 36 
351742] 35 
351488) 34 
351234) 33 
~350080} 32 
850726] 31 
350473] 30. 
3504I9| 
~ 349966] 
349713 
349461 
349208 
«348956 
348703 
348451 
348200 
(0.347948 
0.347696) 
347445 
347194 
346943 
346692 
3464.42 


343940 
343698 
343449). 

I 


34320 | 
342953]. mb 


[a +t 


o- So tn QrI exo 


__— 


- — 
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LOGARITHMIGO BINES, TANGENTS, AND SECANTS. 
27 Degrees. 
Dill. |Co-sine.| D. | Tang. |Diif. 


9.949881 


Co-tang.| Secant. | Co-sec. | M 


292834110 


-O501 19}/10. 3429531. 


—— + 


OO OI AUP YD HO 


Lal 


powmwowowowowowoowwo 


-—— j —.~—- 


658531 
.653778 
-659025 


~19.947665 


y.949816 
9.949752 
9.949038) 
9.949623) 
9.949558 


107 
I 


108 
108 


9949494) 568 19 


9.949429 

9949364] 1° 
19 +949309] 56 
9+949235 
9.949170 
9 «949105 
9 949040 
9.948975 
9.948910 
9948845 
9.948780 
9.948715 
9948650 
9-948584 
9-948519| 
9-948 454 
9.948388 
9948323 
9+948257 
9.948192 
9.948126 
9.948060 
9-947995 
2-779) 
9+947863 
9+947797 
9+947731 


108 
103 
| 108 
| 108 


10g 
10g 


IIo 


9 «947600 
9+947533 
9+947407 
9-947401 
9+947335 
9947269 
9 +947 203 
9+947136 
9+947070 
9+947004) 5 
9-946937 
9.946871 - 
9.946804 
9+946738 
9.946671 
9.946604 
eseaerd pie 
9+946538) | 
9-9464711 7 
19+940404 555 


; 
Sine. j 


(ey) 9 


Q. 
9. 


! 


108 |?" 
108 


| 108 [9° 
109 |?" 


| 


WODOOOWOOOWOOOOOOOOOOOODYO 


797478 


pe 9.707106 
107 a 


7°779° 
708102 
708414 
708726 
799037 
799349 
709660 
799971 

710282 


Qg- 
g. 
9. 
9. 


9. 
9+719593 
9.710904 
9.711215 
711525 
711836 
712146 
9.712456 


9.712766 
9.713076 
9+ 713386 
. 713696 
9.714005 
714314 
-714624 
-714933 
715242 
9-7°SS51 
9-71§860 
9.716168 
9-736477 
-710785 
»717993 
.717401 
»7177 99 
718017 
-718325 
718633 
.718940 
.719248 
92429555 
-719862 
-720199 
»720476 
.720733 
.721089 
721390 
-721702 
722009 
»722375 
.722621 

«722927 
723232 


ovo owowovowowvovos 


723538 
23844 


Co-tang 


G2 Degrees. 


»292522/10 
-2022I0|10 


.29065 1110 


+ 29002G;TO 


.2890g6]T0 
.288785]10 
-288475|10 
.288164/10 
.287854}10 
.287544110 
.287234|TO 
.286924]10 
.280614{10 


| .286304|10 
285995120 
.285086)TO 
.285376|10 
-285067/10 
284758] 10 
284449110 
»284T40}10 
283832110 
2835 23|10 


.283215|TO 
-282907|10 


.281060]/10 


. 28044510 


~279217110 


. 27860410 


T0.277073}|10 


10.276768|r0. 


10.276462|10 


10.276156|ro. 
10.275851|10. 


10.275546|TO 


10.27§241|TO. 


10.274935|10 
10.274631|10 
10.274326|r0 


.2913gS}10, 
-291586}10. 
-291274)10. 
-290963}/10. 


»290340]10. 


-2897T8II0. 


.232599|10. 
.282291|TO. 
.281983]10. 
.281675|10. 
.281367/T0. 


.280752]10. 
.280138|10.0 
-279831|10. 
»270524|10. 


.278Q1I1T0. 


278 298)10. 
-2779Q9110, 
.277085110. 
:277379|104053396}10.330775 


.O50184}10. 
.050248]10. 
O5031 2/10. 
050377|10 
050442]10. 
O50506|I0. 
.050571|10. 
050636]10. 
-O50700]10, 


.050895|10. 
-O50900]10. 
.051025|10. 
sOSTOgO|IO. 
-OSTI55|10. 
-O051220|10 
.051285/10. 
-O51350|10. 
-O5T416]10. 


-OSI481]/TO. 
.O51546|10. 
.O51612|I0. 
-051677|10 
.051743/I0. 
.O51808}TO. 
sO51874)I0. 
.O§IQ40|10. 
.052005]10. 
.052071|I0. 


.052137|10. 
.05 2203/10. 
0§226g}10. 
0§ 2335/10. 
052400]TO. 
052467110. 
O§ 25337 
.0§2599|10 
05266510 
.0§2731|10 


052797}10. 
05286410. 
05293010 
.052996]T0. 
05 3063/10. 
.05 3129/10 
05 3196)10. 
053262|10. 
05 3329|10. 
-053462|10. 
053520]10. 
-053596|10 
05 3663/10 
05373C]10. 
©953797|10. 
053864/10. 
.05393T|10. 
-053998]10. 


.054065]10. 


a 


Tang. | Co-sec. Secant. 


342705 
342458 
342210 


341963 


341710 
341469 
341222 
340975 
349729 


050765110. 340483 
+ 289407|10 .050830)10.340237] 49 


33999! 
339745, 
339499 
339254 
339009 


«338764 


338519 
338274 
338030 
337786} 
337541 
337297 


337054 


3308 Io 
336567 
330323 
336080 
335837 


ne eect 


335352 
335109 
334867 
334625 
334383 
334141 


«333900 
+ 333658 
»333417 
333176 


332935 
332695 


332454 


332214 
331973 


- 331733 


331494 
331254 
331014 


332536 
330297 


330058 
329819] 


329581 
329342 
329104 
328866 
328628 
328391 


——— 


335594] ¢ 


48 
47 


—— [ee 


IO 


a eee ors ond | 
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mM | Sine. |Diff.|Co-sine.| D. | Tang. |Dif. \Co-tang. Sedant. Co-sec. | M 
9+671609} 296 |9+945935 rr2 {9° 725674 274326 10.054065 10.328391| 60 
9.671847 398 9.945868 ove . 274021}10.0541 32/70. 328153) 59 

aah 9.945800 rhe 293716 10. Ox 4aedien 327916) 538 
9-945733} 5 27341 2110.054267 7|10. 327679] 57 
9.945666 tie 273108|10.054334/10.327442| 56 
9+945593) 5 2.72.803|10.054402|/19.327205| 5 
9+945531| 75 272499}10.054409 10. 320908) 54 
9.945464 2.72195|10.054536/10.326732| §3 
9.945396 271891 eet ey 326495] 52 
9+945323] | 71§88]10.05467 2/10, 326259] 51 
9-945201 s 27128410 .054739 10, 0.326023) 50. 
9-9451931 5, 270980|10.054807|10.325787| 49 

72 19-0749 88) 99 9-945125 270677 10.054875)10.325552 48 

= AL pes 392 9+945°5 2.70374|10.054942/10.325316| 47 

meets 392 9+944990 f 2.70071|10.055§010/10.325081| 46 

2 9-075 3 392 9-94ngae 269767|10.055078|10. 324845] 45 

: 9-07539 391 9.944 “ 269465}10.055146)10.324610) 44 

18 |9.675859| 392 [9-gaqy38 _6lsed|io ler ealaceaaal We 

. 94: ’ 324141} 42 

19 |g.676094 ae 9-944650 113 504 6/10.055 350/10. 323906) 41 

_20 19.676328 Bath 9+944582 Bay a 731746 : TO. 268254/10.055418/T0.323672) 40 

“at |9.676562 9 9.944514 4007 9.732048 one T0.267952|10.055,486|10. 323438} 39 __ 

ma Qe 076796 has 9.944446 9.732351 444 10.267649|10.055554|/10.323204| 38 

nd \gsby aba] $90 Io. Qnaaea) S24 1g 4 Sagea| S08 fro. absemalto ghee Meas ae 

25 19.677498 389 9.944243 9.733257 593 10.266743 19 ORG 10. Gas be: es 

26 |9.677731 389 9.944172 9.733558 5°3 |10.266442 10.05 5828|10.322269| 34 

27 |9.677964 389 19-944104 9733800 53 10,.266140|10.055896/10.322036 33 

28 19.678197 308 9.944936 9.734162 a 10, 265838/10.055964 10. 321803 32 

29 |9.678430 338 [97943907] 174 [9- 734403] sop |£O.265537|10.056033/10.321570) 31 

32 |9.678663 388 9-943899 9-734764 10..265236|10.056101 10.321337| 30 

. ph ie: 384 9+943830 10.264934 10,086170|10. 32 321105 “29 
ee 28) 387 9.943761 10, 264633|10.056239|10.320872] 28 

33 9-0793 fe) 385 9-943093 10,.264332/10.056307|10.320640) 27 

34 9079392 237 9+943034 10, 264031)10.056376|10. 320408] 26 

2 rhe ee: 336 9-943555 10, 263731|10.056445|10.320176| 25 

a shalt: 486 (9°943486 10.263430|10.056514/10. 319944] 24 

37 ia 386 [9°943417 10.263129]10.056583|10.319712| 23 
oy 519] 396 9-943348 10, 262829]10,056652/10.319481| 22 

39 |9+080750] 242 19.943279 10.262529|10. 056721 IO. 319250 . 

40 9.680982 382 9.943210) 9737774) <o5 |Fe: 

41 {9.681213 38 (9 QAZIT4E 9.738071 ope TO. Woskcnlog 318787 ig) 

ie geen 384 9.943072 ©738371 exe 10. .056928/10.318557| 18 

at . sel ee ce te 13007 300 |12- 056997 Ease 17 

vib ; al 593 97" 499 |2°° 60570 pa 095} 16 

40 (3. Pak 4 7392711 jog [EO +0571 36/10. 317865) 15 

ah aT a8 BTS oe ease 

48 |9.6! 9.942056 :7 40169] 499 |70, Bela cae Mbe " 

49 19. 9.942587] | .740468] 492 Io, 057413110. 316945] 11 

oe eee 9+942517 : -740767 10.057483 0.316716} 30 

51 |9.083514 9.942448 41066 .057552|10. 310486, 9. 

52 9.083743 382 19 9.942378 a k Hro.057552 Ts 3 

§3 |9-683972 382 9+942308] |, .057692/10. 316028] 4 

54 |y.684201 381 (97942239) 736 |9+741962 .0§7761|10.315799| 6 

55 9. “084430 381 [9-9421691 76 19° .057831/10.3155§70] 5 

5 a eens 381 [9942099 +1619: 742559 -057901|10.315348 4 

sf 9 > Sail 380 |9-9420291 176 |9- 742858) .057971|10.31§113| 3 

55 |9- : STIS! 296 |9-941959] 156 |19-743156 .058041/10. 314885] 2 

rs 9.688573] 3 380 ie 9478891 ran » |9°743454 pts 10.314657| I 

SOaK 941819; ' 19-743752 10.0§8181)10.314429) 0 | © 

m |Co-sine. aa Sine. Beier: Co-tang Co-sec. | Secant. | 


ee ee ee ee 
Ee 


~ 


28 Degrees. 


61 Degrees. 


| TABLE XXV0 oy. me 


LOGARITHMIC SINES, TANGENTS, AND 8ECANTS. 


. 


bAthed 


685571 
-685799 
-686027 
686254 


.687163 
.687339 
.687616 


So CoN nut bo oH | 
OoOowovowsowowowono 


Tr !9,688069 
12 |9.688295 
13. |9.6885 21 
9.083747) 
9.688972 


9.689648 


21 
22 19.690548 
23 
24 |9.690996 
25 |g.691220 
2 


27 |9.691668 
28 |9.6g1892 
29 |9.692115 
30 9.692339 
31 \9.692562 
32 |0.692785 
33 |9-693008 
34 9929983) 
35 |9+6934 
36 |9.693676 
37 {9.693898 
38 |9.694120 
39 |9-694342 
40 |9-694564 
AI }9.694786 
42 |9.695007 
43 |9.695229 
44 [9.695450 
45 |9-6y5671 
46 |9.695392 
47 |9.696113 
48 |9.696334 
49 19.695554 
52_|9-696775 
9.696995 
9-697215 
9.697435 
9.697954 
9+697874 
9.698094 
9.698313 


g+ 698751 
9+698970 


M {Co-sine. 


~” 


— 


- 686482) : 
.686709] * 
. 686936 3 


19 |9.687843} ° 


9.689198 3 
9.689423) ° 
9.689873! * 
20 }9.690098} ° 
9-690323) ° 


g.699772| ; 


6 |9.691444 3 


9.698532) ~-° 


—_— | ——_—__. 


ae ernee 
9 «939339 
9-938258 
9.938185 


9-941819) | 
19941749) 5 
9941079] | 


g.941609 
9-941539 
9.941469 
9 +941398 
9.941328 
9-941258 
9.941187 
9-941117 
9.941046 
9+949975 
9.949995 
19 940834 


9.940763} ~ 


9.940693 
9.940622 
9-940551 
9.94048 

B.940e? 
9-940338 
9 «940267 
9+940196 
9-940125 
9.940054 
9-939982 
9.939911 
9 «939840 
9-939768 


9396 
9-939697] 


9-939625 


9+939554} 5 


9.939482 
9.939410 
9.939339 
9 -939267 


9-939195] 5 
9+939123} | 


9 «939952 


.938980 
9-938980| 19-7 


9.938908 
9.438636 
9-938763 
9.938691 
9.938619 
9.933547 
9.938475 


TABLE XXV. 
LOGARITHMIC SINES. TANGENTS, AND SECANTS. 


29 Degrees. 
M | Sine. |Diff. |Co-sine. D. | ‘Tang. |Diif. \Co-tang. | Secant. | Co-sec. | M 


+743752 
~744050 
744348 
-744045 
+ 744943 
» 745240 
745538 
745835 
«740132 
746429 
-746726 
-747023 
°747359 
.747616 
»747913 
- 748209 
- 748505 
.74880T 
*749°97 
»749393 
+749089) 


9.749985 
9.750281 
9.750576 
118 9.750872 
II 
: 919.751167 
tre (9751452 
9 19.751757 


11g 
119 |9°752052 


WODWDOWOOO 


OOOO oOowooworsd 


OoOowowowocvoovovd 


Y 2 
ICo-tang| 


.256248]10. 
»255950]10. 
~25 5052/10 
© 255355|L0 
~255057|10 
.254760]To, 
~254462|10. 
.254165/10, 
25 3868/10. 
110.25§3571/10 
10.25 3274|10. 
10.252977/10 
10.252081/10 
10..252384/10 
10.252087]10. 
10.251791|I0. 
10.251495/10. 
10.251T99|10 
10.250903|I0. 
10.250607/I0 


10.250015|10. 
10.249719|10. 
10.249424/I0. 
10,249128/T0. 
.248833)/10. 
2485 38/10. 
-248243/10. 
-247948|I0. 
.247653|10. 
»247358|10. 
10.247063|I0. 
10.246769|10. 
10.246474|IO. 
10. 24618010. 
10.245885|I10. 
10.245591|I0. 
10.245297|10. 
10.245003|I0. 
10.244709|10. 
TO.244415|10. 
TO.244122]10. 
10.243828}10. 
\10.243535/10. 
10.243241|10. 
10.242948/T0. 
10.242655|TO. 
10.242362/10. 
10.242069/10. 
10.241776|10. 
10.241483/10. 


10,24T1QO}10. 
10.2408g8|10. 
.240605}10. 
» 24031310. 
-240021/10. 
.239728/10. 
«239430)10. 
-239744)10. 
23885 2|10. 
-238501/10. 


10 


Tang. | Co-sec. | Secant. 


’ 60 Degrees. 


__ 


O5818T}10 


05825110. 
.058321/10. 
-0583Q91|10. 
.058461|I0. 
058531 |10. 
058602|10. 
058672|10. 
0§8742/L0. 
-O5 8813/10 


059662|10 
°59738|t° 
059804/10 
059875}10 
059946|L0 


060018]10. 
060089]T0. ; 
o60rGo}TO. 
060232|T0.2 
060303|10.: 


060375|10 
060446|10 
060518|10 
0605go0}10 
060661|10 
0607 33/10 
060805 | 10 
06087 7|10 
060948) 10 
0610201 
S6ragalz6 
061164)10 
061237 
067 309/10 
061 381/10 
06145 3}10 


0615§25|I0. 


061598}10 
061670)10 
061742|10 


O61 815}10 


061887\t0. 
of1g6ol10. 
062033)10. 
O62105|10. 
062178'rO. 
10. 


062251 
062324|10 
062396)10 
062469)10 


0§8883/10. 312157 
-058954|10 
-059025|10. 
-059095|10 
O5g1O0}Io. 
059237|L0. 
059307]}10. 
-059378/10. 
059449|10. 
°959520 Io 
T0.250311]10.059591|10. 309902 


10.305436| 20 


Ir0. 


145 | 


314429] 60 
314201 
313973 
313740 
313518 
313291 
343004 
312837 
312011 
«312384 


311931 
311705 
311479 
311253 
311028 
310802 
310577 
310352 
.310127 


309677 
309452 
309228 
+ 309004 
© 308780 
308556 


+ 307438 
307215 
306992 
- 306769 
300547 
306324 
306102 
» 305880) 
~305658! 21 


305214] 19 
- 304993} 18, 
304771 
«304550 
304329 
«304108 
303887 
303666) 
- 303446 


303225] 10 


«303005 
302785 
3025631 
302346! 
3021.26 
391906 
301687 
. 301468 
»30T 249 
2 301030 


How be ne ees, 


| TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


30 Degrees. 
Sine. |Dift.|Co-sine.| D. | Tang. |Diff.|Co-tang.| Secant. | Co-sec. | M 


19701439 
cy 9.761731 
9.762023 
«702314 
. 762606 
. 762897 
763188 
-703479| ag? 
9.763770) 
.764061 
- 764352 
704643 
-704933 
-765224 
705514 
~ 765805 
-766095 
- 766385 
.76667 5) 
766965 
707255 
-787545 
» 767834 
.708124 
.768414 
.768703 
9.768992 
9.769281 
+ 769570 
.769860 
-770148 
9+779437 
9.770726 
»771O15 
»771393 
»771592 
»771880 
-772168 
-772457 
*772745 
©773933 


773321 
773608 
773896 
774184 
774471 


9.937531 
937458 
9937385 
937312 
937238 


4 
-937092 
-937019 
936946 


—_—— 


9.698970 
9.699189) 364 
-699407] 36% 
ee : 
6998441 36. 
Nc eeaes 363 
. 700280 
. 700498] 25° 
.700716] Y-* 
790933 
.7OILSI 
-701368 
9.701585] < 
»701802 
.702019| ¢ 
- 702236) « 
70245 2 
»702669] * 
702885] * 
.703101 < 
9-703317| * 
793533 
\9-703749| 32 
-703964 
»7O4179) 5 


10.238561|I0. 
10.238269|r0 
IO. 


062469|/10. 361030} 40 
-062542|10.300811| 59 
237977|10.062615|10. 300593] 58 
10.237086|/10.062688|10. 300374] 57 
10.237394|10.062762/10. 300156] 56 
10.237103|10.062835|10.299938| 55 
23681 2/10.062908/10.299720] 54 
2365 2%1/10.062981/10. 299502] $3 
+ 230230]10.063054|10.299284] 52 
-235939|10.063128]10.299067! 51 
-2.35048|10,06320T|10.298849} 50 


-235357|10.063275|10.298632) 49 
»235067/10.063348/10.298415| 48 
-234776|10.063422/10.298198] 47 
234486) 10.063495|10.297981| 46 
»234195|10.063569|10.297764] 45 
»233905|10.063643/10.297548] 44 
»233615|/10.063716/10.297331] 43 
-233325|10.063790/10.297115] 42 
© 233035|10.063864|10.296899] 41- 
.232745110.063938/10.296683! 4o 
-232455110.064012|/10.296467} 39 
»232166/50.064086]10.296251| 38 
.231876|10.064160/10.296036| 37 
.231586|/10.064234|/10.295821] 36 
.231297|10.064308]10.295605| 35 
.231008/10.064382/10.295390] 34 
.230719|]10.064457|10.295175| 33 
»230430|10.0645 31|10.294960] 32 
.230140]10.064605|10.294746] 31 


22985 2/10.064680]10.294531] 30 


10.229563|10.064754|10.294317 
10.%29274|10.064829|10.294102 
T0.228985}10.064903|T10. 293888 
10.228697}10.064978|10.293674 
10.228408110.065052/10.293461 
10.228120]10.065127/10.293247 
10.227832|10.065 202/10. 293033 
10, 227543/10.065277|10. 292820 
10.227255/10.065351|10.292607 
10,226967|10.065 426|10.292394 
.220679|10.065501|10.292181 
-226392|T0,065576|10. 291968 
.226104110.065651|10. 291755 
.225816110.065726/10.291542 
»225529/T0.065 801/10. 291330 


486 
486 


.936872 


9 
9 
y 
9 
9 
9 
9 
9 
9 
9-930799 


ra 
LO OOM’ Cratn BOO YH O 


II 


a ge 
I hd bet 
Ww nN 
Owe oO 


OO 


6 |9-934798 
9 +9347 23 
9+934649 
9934574 
9+934499 
9 +934424 
9 +934349 
9 934274 
9-934199 


WOwowowoowovo od 


aes 


Co-sine. 


-709730 


5t |9-709941 
52 |9.710153 
53 
54 |9-710575 
55 19.710786 


9.711208 


9.711629 


60 |9.711839 


9:710364) 3 


9.710997) + 
9.711419! < 


35° 


9-934123 
9.934048 
9.933973 
9.933898 


9 +933822) 


9-933747 
9.933671 
9.933596 
9.933520 
9.933445 
9.933369 
9.933293 
pie toll 
9-933141 
9.933066 


Sine. 


126 
126 


ite 


Owowowooowoovd 


Co-tang 


59 Degrees. 


Tang. | Co-sec. | Secant. | M 


«225 241|10, 
-224954|10. 


.22.4667/10. 


-224379|T0. 
.22.4092|10. 
»223805/10, 
»223518|TO. 
e%IZIW3LITO. 
.222945/TO. 
.222058/T0. 
.222372/10, 
.222085]TO. 
.221799|TO. 
«2%21513|10. 
-221226|I0. 


065877110. 
065952|10. 
066027/10. 
066102/10. 


06625 3/10. 
066329/10. 
06640410. 
066480\r0. 
066555/10. 
066631|10. 
066707}10. 
066783|TO. 
0668s5g}10. 
066934|10. 


—_—— 


291118 
290906 
290694 
290482 


066178)10. 290270 


2.90059 
289847 
289636 
289425 
289214 
289003 
288792 
288581 
288371 
288161 


O WH P&H BU OT COO 


ae 


Bees 


= a 


53 Deerees. 


TABLE XXY. 
LOGARITHMIC SINES, TANGENTS, AND SEGANTS. 
31 Degrees. 
M | Sine. Di Co- -sine.| D. Tang. |Ditt.|\Co-tang.| Secant. | Co-sec. | ™ 
~0 (9.711839 9 933066 vie 9.773774]... any {tes 221226170. 10.066934 10.288161] 60 
1 {9.712050 igs. 9.779060 477 10.220440}10.067010}10.287950] 59 
2 19.712260 ; 4 9-779346 477 10.2206054|10.067086|/10.287740] 58 
3 |9.712469 932838 505 9.779632 476 10.220368]10.067362/10.287531] 57 
4 19.712679 : (127 9.779918 476 TOs 22008 2}10.067238]10. 287321] 56 
5 |9.712889 - | ra9 (9+780203 476 10.219797 10.067315 10.2871] 55 
6 |9.713098 9: “127 9.780489 476 19.219511|10.067391|10.286902| 54 
7 19.713308 9° 127 9.780775 476 10.219225|10.067467|10.286692) 53 
8 |9.713517 :932457) 15 9.781060 476 10.218940]10.0675 43/10. 286483] 52 
9 19.713726 932: 9.781346 6 T0.218654}10.067620|10.286274| 51 
IO {9-713935 +932304) Sah g+781631 47° }10.2185 8369 10.067696)10. 286065) 59 
Il {9.714344 9: + 9.781916 o T0.218084|10. 067772 10. TO. 285856 49 
12 |9.734352 9: 11 9+782201 478 10.217799|10.067849|10.285648) 48 
13 19.714561 . 5! 59 (9782486 Ga 10.217514 10.067925 10.285439] 47 
14 |9.714769 : 8 559 19° 7982772 478 10.217229|10.068002/10.285231} 46 
15 |9.714978 : 9.783056 476 10.216944]10.068079|10.285022] 45 
16 {9.715186 .931845 9+ 783341 478 10. 216659 10.0681755|10.284814] 44 
17 19-715394 $0; 9.733626 a7} 10.216374110.058232110. 284606) 43 
18 {9.715602 : 9.783910 474 10.2160g90}10.068309|10. 284398] 42 
19 |9.715809 ey 9-784195 aA 10. 215805|10.068386/10.284191| 41 
_20 9.716017 9-931537 9.784479 ibe 10.215521 10068463 Io. 10.283983 40 
21 |9.716224 : 9.784764 aaa 10. 215236 10.068540|T0. 10. 283776 3 
22 19.716432 93138: 9.785048 ‘on 10. 21495 2|10.068617|10. 283568} 38 
23 |9.716639 / 9.785332 aoe: 10.214668/10.068694|10. 283361] 37 
24 |9.716846 : 9.785616 473 10.214384 t0.068771 10.28315§4| 36 
5 9.717053 7 9.785900 493 10.214100]10.068848)/10.282947| 35 
26 |9.717259] * ; 19.786184 473 10, 213816|10.068925|10.282741| 34 
27 19.717466 : 9.786468 473 10. 213532/10.06g002/10.282534| 33 
a8 19.717673 : 9.786752 473 10.213248/10.069079|T0.282327| 32 
29 |9.717879| * ; 9.787036 473 TO.212964]10.069157|10.282121| 31 
30 |9-7180385 9 +9307 66 9-787319 : ? 110.212681 10069234 10.281915| 30 
31 19.718291 ; 9.787603 pe 10.212397|T0.069312|10. 10.281709 29 
32 19.718497 : 9.787886 472 TO. 21211A]10.069389}10.281503] 28 
33 19+718703 33 9.788170 Aya TO. 211830]10.069467/10.281297| 27 
34 19«718g909 9.788453 ie 10.2115§47|10.069544|10.281091] 26 
35 |19-719114 7 19.7887 36 TO, 211264]10.069622/T0. 280886] 25 
se bras gee osLATt ho emialia eeory lo. steele 
: ; 9.789302 i .069777|10.280475| 23 
38 [9.719730 “a 9-930145 ay 9.789585| 47? |ro, 210415 as ee 10. 280270 22 
39 19-719935 Sate .930067| 73° |g.789868} 472 |10,210132 10.069933|10.280065| *21 
40 (9.720140 a 9929989 ee 9- 790151 Ae 10. 209849|10 .070011|10..279860| 20 
42 [9.720849] 342 |y.929835] 13° 9.490710] 47% B Fee oan ieee 
43 |9-720754] 24° 19-929755| +30 |9-790999| 477 |x0.209001|10.070245|10.279246| 37 
44 |9.720958 “508 9.929677] 3° 9.791281 472 |10, 208719 10.070323/T0.279042} 16 
45 |9.721162 34 9.929599 139 9.791563 471 175, 208437|10.070401|10.278838] 15 
46 |9.721366 $e 9.929521 aee 9.791846 Ake 10. 20815 4/10.070479/10.278634| 14 
47 |9.721570 34 9.929442] 13° 9.792128 47° |19,204872 10.0705 58|10.2 2784301 13 
48 |9.721774 340 9.929364 ioe 9.792410 mi 10. 207590]10.070636|10.278226] 12 | 
Be 9.721978 ris 9.929286 rai 9.792692 tha gue 10.0707T4|10. ibe ta Tay 
£7221 ; ; 207 : 
Bei caste) 299 lecctgazal Pe pated Ai io soopaahiare ser oneal 5 
52 Pynas8 339 saat 3} a rhs ih bal Se Aba eh: 10. ara g 
$3 |9.722791 33 9.928972 net 9.793819 bee 10. 206181]10,071028|10.277209] 7 
54 19.722994 ie 9.928893) a 9.7G4101 ope: 10. 205899]10.071107/10.277006} 6 
55 19-723197 ee 9.928815 9.794383 ye 10,205617|10.071185110.276803| § 
56 19.723400 33 9.928736) -° | 19.794664 49 |10.208336 10,071264]10.276600] 4 
57 |9-723603| 338 |9.928657| 13" Ig.794945| 469 |10.2050535]10.071343|10.276397| 3 
58 |9.723805 ee 9-928578| pe \9. 795227 560 10.204773|10.071422110.276195) 2 
59 19-724007 337 (9° 928499, 5 131 |9° 795508 463 10.204492|10.071501|10.275993| I 
60 9+724210 9. 928420, ° Q. 795789 10.204211|10.071§80]/10.275790] O 
M |Co-sine. Sine. | |Co- -tang Tang. | Co-sec. | Secant. | M 


M |Co-sine. 


TABLE XXV. 


57 Degrees. 


Tang. 


oe 


Co-sec. | Secant. 


M 


148 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. . 
32 Degrees. 
1m | Sine. |Dilf.|Co-sine.| D. | Tang. |Diff. |Co-tang.| Secant. | Co-see. M 
0 19.724210 9.928420 10.204211|10.071580}10.2 5790| 60 
; 5 ania rise 9.928342 10. 203930 aorta conapaeh 59 
2 19-724674) 336 9.928263 T9.203649/10.071737|10..275386| 58 
3 (9.724816 336 9.928133 10.203368|10.071817/10.275184) 57 
4 19-725°17| 336 9.928104 10..203087/10.071896119.274983| 56 
5 9-725219| 336 9.928025 10.202806)10.071975|10.274781| 55 
9-7'25420 335 9.927946 10.2025 25|10.072054|10.274580| 54 
Z 9.725622 335 9.927867 10.202245{10.072133/10.274378| 53 
rae 335 9.927787 10. 201964|10.072213}10.274177| 52 
9 |9.726024 335 9.927708 TO. 201684/10.072292110.273976| 51 
ae tha iy 9.927629 10.201 404|10.072371]10.273775| 50 
9.726426] 2° \9.927549 TO. 201123|10.072451|1 9.27 
sue 334 9.927470 10.200843 toupee Slee mi 
Gio P2097 2 9.927390 10. 200563|10.072610|/10.273173| 47 
9.727027 9-927310 10. 200283/10.072690|10.272973! 46 
ilies : 9.927231 10..200003|10.072769|10.292772| 45 
stich 9.927151 10.199723|10.072849|10.272572) 44 
seh : 9.927071 10.199443|10.072929|10.272372| 43 
aes ba 9.926991 10. 199164]/10.07300g|10.272172| 42 
ie egeal 9.926911 10.198884|10.073089|10.271973| 41 
eel 9.926831 10.198604 10.073169|10.271773) 40 
9.728427 9.926751 10.198325 10.07324 10.271573| 39 
jie 9.926671 10.198045 rig | a ly 33 
9.728825 9.926591 10.197766|10.073409]10.271175| 37 
oe 9.926511 10.197487|10.073489|10.270976) 36 
90729223 9.926431 10.197208|T0.073569|10.270777| 35 
Sn 9.926351 10. 196928]10.07 3649|10.270578| 34 
1 9.926270 10.196649]10.073730|10.270379| 33 
9+ 729820 9.926190 10.196370]/10.073810|10. 270180] 32 
9.730018 9.926110 10.196092|10.0738g0|10.269982) 31 
9+730217 9.926029 0.195813 10.073971|10.269783| 30 
9.730415] °°- I9.925949 10.1955 34|10.07405 1/10. 269585] 29. 
9-7139613 9.925868 10.195255 sep ly. mabey 28 
9.730811 9.925788 10.194977|10.074212|10. 269189] 27 
Uke 9.925707 10.194698|10.074293|10.268991| 26 
Sh Sha 992562 10.194420]10.074374|10.268794] 25 
fan 4 9-925545 TO. IG4I41|10.074455|10.268596] 24 
9.731602 9.925465 10.193863|10.0745 35|10.268398) 23 
9-731799 9.925384 10.193585|10.074616|10.268201| 22 
9-73199 9925303 10.193307|10.074697/10.268004] a1 
9+732193} * 9 925222 10. 193029|10.074778|10.267807| 20 
9 «732390 9.925141 10.192751|10.074859|10. 267610} 19 
9-732587 9.925060 10.192473 nsec rehaere 1 
9.739784 : 9.924979 ¥0.192195|10.075021|10,267216) 17 
9.732980 9.924897 IO. I9IQI7|10.075§103|10.267020] 16 
9-733177 9.924816 10.191639|10.075184/10. 266823) 15 
9-733373 9 +924735 10.191362|10.075265|10.266627| 14 
9+733509 9.924654 10. 191084110.075 346|10.266431| 13 
9-733708 9.924572 10,190807|10.075428|10. 266235] 12 
9+733991 E 9.924491 10.1905 29|10.07550g|10.266039| 11 
9734157 9924409 1O.19025 2/10.075591|10. 265843) 10 
9-734353 9.924328 10.189975|10.075672|10.265647} 9 
9+734549 9.924246 7 10.189698|10.075754 squaecane g 
9+734744) ° 9.924164 10.189420|10.075836|10.265256) 7 , 
; Rtaeee 9924083) | 10.189143]10.075917|10.265061) 6 
735 35 9.924001 10. 188866)10.075999|10.264865) 5 : 
9-73533° 9.923919 10.188590]10.076081)10.264670) 4 
9-735525 9.923837 : 10.188313/10.076163)10.264475) 3 
9-735719) 34% 19-9237551 5 10.188036]10.076245|10. 264281) 2 
39 he a 9.923673 10.187759|10.076327/10.264086) 
Boab © il vat? 9.923591 10.187483/10.076409|10.26389m) © 
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TABLE XXYV. 


LOGARITHMIC SINES, TANGENTS, AND 5ECANTS., 


Sine. 

736109 
730303 
730498 


. 736836 
«737080 


-737407 
-737661 


wowowowovowvwowowvowo 


738048 
9.738241 


Diff. |Co-sine.| D. 


324 


736692) * 


-737274) ; 


737855) * 


9.738434] 27 


9.738627 
}-738820 


9+739013) ; 


9739206 


9-739398| : 


9+739590 
9-739783 
9+739975 


+ 740359 
«740550 
740742 


» 741125 
.741316 
-741508 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9. 


- 741839 


-740167] * 


+7409 34| ° 


741699] * 


9. 9.742080 : 


9+742271 
9.742462 
9+ 742052 
9.742842 


9 -923591 
9 «923509 
9923427 
'9 -923345 
9 -923263 
9.923181 
9.923098 
9.923016 
9.922933 
9.922851 
9.922768 
9.922686 
9.922603 


9. 929939 


19920856 


9+-743933} * 


9+ 743223 


8 19.743413 
9.743602) * 
9+743792 


SODDODSDS 


-743982 


*744171) * 
-744361] ; 


-744550 


745107 
745494 
«745083 


-745871| 
-746060 


746248) * 


40436 
~740624 
-7468 2 
-746999) 


+745306) + 


»744739| * 
744928) + 


-747187] + 


9920772 
9.920688 
9.920604 
9.920520 
9 «920436 
9 «920352 
9.920268 


9.920184 : 


9 «920099 
9.920015 
9+919931 
9-919846 
9.919762 
9-919077 
9-919593 
9-919508 


9.919424] | 


9 -919339 


9 -9T9254 


9+919169 
9.919085 
9.919090 
9.918915 
9.918830 
g-918745 
9-918659 
9.918574 


Sa 


33 Degrees. 
Tang. 


.812517 
9.812794 
.813070 
813347 
.813623 
.813899 
814175 
.3814452 
.814728 
815004 
815279 
-815555 
815831 
. 816107 
816382 


Diff, |Co-tang. 


187483110. 
.187206]TO. 
-186930/10. 
- 18665 3|10 
-186377/10. 
.18610T|10. 
~185825|10. 
-185548/10. 
+185272|10 
-184996)10 
.184721|10. 


.184445|10.07 
.184169|10. 
-183893|10. 
-183618)10. 
-183342/10. 
.183067|10 
-1827g91|10. 
.182516/10.0 
-182241/10 
TO.181965|T0.0 
10.1816g0|10. 
-I814I5|10. 
-I8114ojr1o. 
-180865|10. 
-180§go}|TO 
-180316|10. 
-180041]10. 
-179766)10. 
-179492)/10. 
0.179217|10.07 


.178943|10. 
.178668|T0. 
.173394|10. 
.178720]10. 
.177846)10. 
-177571|10.0 
.177297\10. 
.177023|10. 
.176750}10. 
0.176476}10.0 
0.176202|10 
-175928|10. 
+175055|10 
.175381/T0. 
~175107|10. 
.174834|10. 
-174561/10. 
.174287|T0. 
-174014)10 
10.173741|10. 


Secant. 


-077728/10. 


-077977|10- 
-078060}10.2 


-078476|10. 


Co-sec. 


076409|10.263891 
076491/10. 263697 
076573|10.263502 


.076655|10. 263308 


076737|10.263114 
076819|10.262920 
076902|10.262726 
076984|10.262533 


.077067|10. 262339 
.077149]10.262145 


10.077232{10.2611)52 


077314|10.261759 
077397|10.261566 
077480/10.261373 
077562|10.261180 
077645|10.260987 
260794 
260602 
260410 
2602147 


07 7811|10. 
77894|10. 


O78143|10. 
0738226)10. 
078309|10. 
078393]10. 


10.259833 
259150 


2.59066 
078559]10.258875 
07864310. 
078726|10. 
o788ro|IO. 
078893/10.2 
078977/10.257920 
07906110. 257729] 
O79144/10. 257538) 
079228/10. 257348 
079312|10.2571 158) 

79390|10. 256967 
079180) 10. 256777, 
079564/10.256587 
079648/10. 256398 
079732|10. 256208 


258492 
258301 


.O79816|/10.256018 


079901/10.255829 
079985|10. 255639 
O8006g!10 255450 
o80r154to. 255261 
080238/TO. 25,5072! 
080323/10.254833 
080407/10. 254694 


.080492|10. 254506 
0805 76/10.25431 4317) IC 


aclmantinah> mptteengenine 


10.173468|10. 
-173195)|10.¢ 
.172922/10. 
.172649/10. 
-172376/10 
.172103|10. 
. 171830 
.171558 
.171285 
-17TOT3 


10 


fe) 


pene Tang. 
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9-917032 
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9910859 
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9916427 
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TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


34 Degrees. 
Diff. |Co-sine.| D. | ‘Tang. 


9.828987 
.829260 
829532 
829805 
830077 
830349 
.830621 
-830893 
.831165 


835509 


Diff. 


454 
454 
454 
454 
454 
454 
453 
453 
453 
453 
453 
453 
453 
453 
453 
453 
452 
452 
452 


.835780 4d 


.836051 
836322 
9.830593 
1.830864 
-837134 
9.837405 
837675 
837946 
.838216 
838487 
838757 
.839027 
).839297 
.839568 
.839838 
.840108 
.840378 


- |9.840647 
).840917 


.841187 
841457 
841726 
841996 
.842266 
-842535 
9.842805 
9.843074 
9843343 
9.843612 
9. 843882 
9.844151 
9.844420 
9.844689 
9.844958 
_** [92845227 
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-I71013}I0. 
-170740|TO. 
-170468|T0. 
.170195|I0. 


. 16992310 


-169651|10. 


»169379|10 
.169107|TO 


.168835]10. 
-168563|10. 


-168291/10. 


.168019]10. 


-167747|10. 
.0825 38/10. 


-167475|L0 


-167204|10. 
.O827I0]10. 
082796]/I0. 
08288210, 
082968|I0. 
-083054|I0. 


-166932/10 


16666110. 
-16638g|10. 
16611810. 


- 165846] 10 
10.165575|10. 


081426|10 


082452|10. 


082624|10. 


O83i4I|L0, 


10.165 304 10. 
- 165033110. 
.164762|10, 
).164491|10, 


.164220]10 


-16394g|10. 
.163678|10. 
.163407/T0, 
~163136]10. 
.162866|10. 


10.162595|10. 
10.162325|10. 
TO.162054]10. 
10.16178 4110. 


10,161513|10 


10. 161243|10. 
10.160973|10. 
10.160703{10. 
10. 


084877 


con 
.085052 
o8§140]10. 
.085227 
.085315 
IO, 
.085490|T0. 
IO. 
.085666|r0, 


T0.160432 
10.160162 
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-159892 
.159622 
-159353 
159083 
.158813 
-158543 
.158274 
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-157734 
-157465 
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.156926}10 


Io 


Io 
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Io 


Io 


TO 


.15 6657/10. 
.156388|r0. 


.1§6118|10 


.155849|T0. 
10.155580|T0. 
.086459|10. 
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10.1§5042/10. 
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083227|10. 


083313/10. 
083400]/ro. 
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083746|TO. 
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252438 
O8151I{10. 
08159610. 
081682|I0. 
.O8T767}10, 
081853]10. 
.081938/10 
.082024|I0, 
O82rog}io. 
O82195|IO. 
O8 2281/10, 


082366|10. 


252251 
252064 
251877 
251690 
2531593 


251317 


251130 
250944 
259757 
250571 
250385 
250199 
250013 
249828 
249642 
249457 
249271 
249086) - 
2.48901 
248716 

248531| 2 
248346 
248161] ¢ 


247977) ; 
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244857 
244674 
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243764 
243582 
243400 
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242674 
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+913305 
-913276 
.913187 
-913099 
.9T 3010 
912922 
.912833 
-912744 
6912655 
-912566 
9-912477 
.912388 
.912299 
.912210 
.912121 
912031 
.QIIg42 
911853 
oieate 
-911674 
9.911584 
“911495 
.Q1I405 
-GII3T5 
.911226 
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.910956 
. 910866 
-910776 
910686 
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910235 
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9.909782 
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TABLE XXV. 


54 Degrees. 


TANGENTS, AND SECANTS. 
‘Bd Degrees. 
D. | ‘Tang, |Diff.|Co-tang.| Secant. | Co-sec. 
9.845227 10.1§4773|10.086635110.241409! 60 
of 9.845496 at T0.1545§04}10.086724]10.241228] § 
148 |0°345764 448 10.154236/10.086813}10.247048| 58 
148 9.846033 iG 10.153967|10.086901|10.240868] 57 
148 9.846302 fa 10.15 3698)10.086ggo|10.240688} 56 
143 9°846579} 4 448 | (10.15 3430]10.087078110.240508] 55 
148 (97346839 4g |TO-153161]10.087167]10. 240328 54 
9.847107 2 10.152893}10.087256]/10.240148| 53 
148 447 ) 
148 9-847376 oe 10.15§2624]10.087345|10.239969] 52 
148 9.847644 We 10.15 2356|10.087434110.239789] 51 
ee 9847913 : T0.1§2087|10.087523]10.239610] 50 
148 9.848181 mn 10.15 1819|10.087612|10.239431| 49 
< 9.848449 se 10.1515§51]10.087701|10.239252| 48 
as 9.848717 oe 10.151283110.0877g90|10.239073} 47 
ae 9.848986 ot 10.15 1O1MI10.08787g9]10.238894] 46 
Pi 9.849254 a 10.150746|10.08796g9]10.238715] 45 
149 19° 849522 wh 10.150478]10.088058]10.238536| 44 
id 9.849790 ae 10, 150210] 10.088147|10.238358! 43 
“a9 9.850058 He 10,149942}T0,088237)10. 238179 42 
va 9.850325 oe 10.149675|10.088326II0. sAECOT 4I 
ad 9 850593 a 10. 149407/T0.088416]10.237823] 4o 
ne 19-8 9.850861 an, 110.149139 g]10.088505|10.237644 39 
ried 9.851129 oes 10. 14887 1|10.088395|10.249466 38 
mie 9.851396 a6 10.148604|10.088685|10. 237288] 37 
rg 9.851664 by: 10.148336|10.088774|10.237111] 36 
re 9.851931 ee 10.148069]10.088864)j10. 2369331 35 
7 9.852199 Hite 10. 1.47801|10.088954410.236755] 34 
ae 9.852466 a 10.147534]10.089044|10.236578) 33 
cae 9.852733 mi 10.147267|10.089134110.236400] 32 
Pe 9.853001 445 T0.1469g99]10.089224|10.236223] 37 
yu 9.853268] 445 10.1467 32|T0.089314|10. 236016] 30 
a 9.853535 me 10.146468|10.089404]10. 2.35869 29 
120 |9°853802 nye T0.146198]10.089494|10.235692] 28 
rs 9.854069 ne TO.145931{10.089585|10.235515| 27 
ae 9.854336 448 10.145664|10.089675]10. 235338) 26 
1st 9.854603 sak 10.145397|10.089765|10.235162! 25 
fet 9.854870 if 10.1451 30]10.089856]10.234985} 24 
es 9.855137 ae 10.144863}10.089946|10.234809] 23 
as 9.855404 445 10.144596}10.090037/10.234033] 22 
5! 9.855671 445 10.144329]10.090127,;10.234456] 21 
TST |9 855938] 444 10. 144062|10 .090218]10.234280] 20 
ir 9.856204 i 10.143796|10.c 090309]10.234104] 19 
in 9.856471 hy 10.1435 29|TO.090399]10.233928] 18 
ine 9.856737 HN 10.143263|10.0904g0|10.233753| 17 
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re 9.857537 ai T0.142463110.090763/10.233226] 14 
tok 9.857803 a 10.142197|10,.09085.4|10.233051| 13 
ren 192858069 444 110.141931|10.092945|10.232876] 12 
>” 19. 858336 444 10.141664]10.0g1036]10.232700] II 
ie 9.858602 444 179.141398|t0. O9!127]/T0.232525] 10 
fit 9.858368 sae 10.141132|10,091219110.232351| 9 
152 9.859134 443 10.140866|10 .091 310/10.232176| 8 
sal 352 9.859400 443 |10.140600/10.091401|10.232001] 7 
Lee G.859666 443 10.140334|10.091493|/10.231827| 6 
9.859932 443 10.*40068]10.091§84/10.231652) § 
5319860198 443 10.139802}10.091676]10.231478! 4 
153 19860464 443 119.1395 36|10.091767|10.231303] 3 
153 9.860730, 443 10.139270110.991859]10.231129] 2 
153 9.860995 443 10,13900§|TO.09Ig51|10.230955| T 
| T53 9. 861261) 443 10.1387 39|L0.092042|10.230781| O 
Co-tang ‘Fang. | Co-sec. | Secant. | M | 
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TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
36 Degrees. 
M | Sine. {Dift.|Co-sine.| D. | Tang. |Difi.|Co-tang.| Secant. | Co-sec. | M 
“9 |9.769219 1.907958]... 9.861261]. |10.138739|10.092042 10.230781| 60 
I he ea ae » coneee ey 31 86¥5a7 oe 10.138473]10.0921 34/10.230607] 59 
2 |9.769500 286 19997774 re g.861792 443 TO.138208/10.092226/10.230434| §8 
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a1 Fr once| 289 12, corgael ably sorbca) 442 lan ity nasheed oceee eaten 
9.770260 9.90740  |9-862854| 7 hae by ; 22 
DE eee AR pe ace 
9.77000 9-907 222 9.003595 10.1300! 229: 
9 |9-779779 an 9.907129 he 9.863650 st 10.136350|10.092871 TO.229221| 51 
10 (9.770952 288 9 +907037 Sy 9.803915 eA TO.136085 10.092963}10.229048} 50 
“a1 |9.771 +77 1125 sone 9.906945 124 (9-864 9.864180 0 10.135820 TO. 09305 5]10.228875] 49 
12 |9.771298 284 9.906852 154 9.864445 442 |t0°235555 10.093148|10.228702| 48 
13 [9-771479] 394 (9+ 906760 134 9.864710 AA’ 10.135290|10.093240|10.2285 30] 47 
14 19.771643] 237 |9.906667) 527 19.864975] 47 |1O.135025}10.093333|10.228357| 46 
15 9-77 1815 287 |9° Boos | 154 9 865240 Aan 10.134760]10. 093425 DRS 45 
16 |9.771987 287 (9° go6482 154 9.865505 4gr [t+ 134495|10-093518/10.228013) 44 
17 19-772159 287 9.go638g 185 9.865770 AAI 10.134230|10.093611|10.227841| 43 
19 |9-772331 586 |9°900296 18s 9.866035 we 10.133965/10.093704/10.22766g! 42 
19 |9-772503 286 9.906204 res 9.866300 441. [202 243709|10: 093796 10.227497| 41 
20 19.772675) — 9.go6TII 9.866564 TO.133436|/10.09 3889/10. 227325 49. 2 
wou A em CaP. = " Tt Ve=s43 | 
at ee xe g.govors tay a 10.133171 10. 093982 madi > =e 
22 19-773018] -905925] _°2 19. - {10.13 29O06]10,.094075}10.226982| 3 A| 
23 eal ta aes Soaeees ah ip oe 10.132642 10,094168]10. 226810 37 | 
24 19.773361 aS 9.905739) ; net 10.132377/10.094261/10.226639} 36 : 
25 |9.773533 285 g.gos645] >> |: 447 110,132113|10.094355|10.226407} 35 t 
26 19.773704| o> |g.gosssa| .>- rae 10.131848]10.094448|10.226296] 34 
27 19.773875 ag 9.905459 9 447 |10,131584]10.094541|10.226125) 33 
28 19.77.4046 ae 9.905 306 ae 10.131320]10.094634|10.225954| 32 
29 19.774217 aoe 9.905272) -° ye TO,13105§5|10.094723}/10.225783| 31 
39 19-774388 > |9.905179 10.130791|T0.0948215/10.225612| 30 
pee eer 04 .|———— ee 440 
31 Ig. 774558 8 9.905085 5 [10+130527|10.094915/10.225442) 29 
32 19.774729 ee 9.904992 re 10. 130263/10.095008/10.225271| 28 
33 19-774899 eh 9.904898 44 10,129999|10.095102|10.225101| 27 
34 19.775070| 204 9.904804 any 10.129735/I9.095196|10.224930| 26 
35 19-775240 284 9.904711 nae 10.129471|10.095289|10.224760] 25 
36 19.775410 284 9.904617 440 10.129207/10.095383/10.224590] 24 
37 19-775580 283 9.904523 eh: IO0.128943]10.095477|10.224420} 23 
38 19.775750 283 9.904429 Aue 10,128679]10.095571|10.224250] 22 
39 |9-775920 38 9.904335 rie 10.128415]10.095665/10.224080] 21 
_49_ 9 «776099 fe 9.904241 hid 10. 128151/TO.095759 10.2239TO} 20° 
“Al |g. 9-776259 788 9 +904147 439 16. 127809 0.09585 3/10. 223741 * 
42 42 04053 10.127624/10.095947/10.223571| I 
43 tao se aiaeabed 439 10.127360 10.096041|10.223402} 17 
44 |9. 17978 aB2 9.903864 439 19.127097|10,096136)10.223232] 16 |. 
45 |9-776937 et 9.903770 439 10.126833|10.096230|10.223063] 15 
46 19.777106 r 9.903676 439 10.126570]10.096324/10.222894| 14 
47 |9-777275 81 903581 439 10.126306|/10.096419]10.222725) 13 
48 9.777444 aRt 9.903487 439 10.126043/10.096513)10.222556| 12 
49 19.777613) 70! 9.903392 439 110.125780|10.096608) 10, 222387) 11 
5° 19-777 777781 281 9.903298 439 10.125516 10.096702}10.222219 10 
ad Dat a8 peisas Toes 439 =n I ae is epee: LOE - 
5T 19-777950} ,9, 19+903203 43 10.125253|10.096797/10.222050] 9 
§2 9.778119 a8r [9903108 9 tro. 124990|10.096892/10.221881| 8 
53 |9-778287 aaa 9- 903014 439 10.124727/10.096986|10.2217133) 7 
§4 19.770455 po g-9029T9 439 10.124464110.097081|10.221545| 6 
85 19.778624 ag .902824 oe I0.124200]/TO.097176/FO.221376) 5 | 
“86 19.778792) “0° zi 902729 % 43° |16.123937|10.097271|10.221208] 4 
87. 19.778902| 28° |g 9026341! AX6 |10.123674|10.097366|ro.221040' 3 
58 9.77912 23| ae 9.902539 3 10.123411/10.097461|/10.220872| 2 
$9 19-779295| 2° Ig.goaaal | 4g |10-123149|T0.097556|10.220705] 1 
60 |9. 779463 Fy 9-902349 43 10122886 10.09765 1/10. 220537 ° 
wm |Co-sine. Sine. | |Co-tang Tang. | Co-sec. | Secant. | M 
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TABLE ANY. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
37 Degrees. 


M ‘Tang. [Diff |Co-tang.| Secant. | Co-sec. | M 
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9779463 
93279651, 
19-779798 
9-779900 
9-780133 
9.780300 
9+ 780467 
9+ 780034 
9.780801 
9.780968 
9.781134 
9.781301 
9.781468 
. 9.781634) 

14 |9.781800) — 
15 |9.781966| ~ 
16 {9.782132 
17 |9.782298 
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Sine. (Diff. |Co-sine.| D. | 

19.122886]/10.097651|10. 
10.122623/10.097747|10.220369 
-122360)10.097842/10.220202 
«122097/10.097937|10.220034 
-121835|10.098033|10. 219867 
-127572/10.0981 28110. 219700 
721309]10.098224]10. 219533 
» 121047|10.09831 9110. 219366 
-120784/10.09841 5/10. 219199 
1205 22/10.0985 10/10. 219032 
.120259|10.098606/10. 218866 


Ey al ants mappa Ny OU sor ri rer 


10.119997)10.c98702]10. 218699 
10.119735|10.098798]10. 218532 
TO.119472/10.098894]10. 218366 
IO.119210]/10.098ggo}10. 218200 
10.118948|10.099086|10.218034 
10. 118686/10.099182}104217868 
10.118424/10.099278]10.217702 
10.118161{10 


«902349 
.9O2253 
.9O2158 


|? 9 . 


Q. 


438 
438 


279 
279 
279 
279 
279 
278 
278 
278 
278 
278 


i 


Coo 
~~! 


.879216 
879478 
Pd 
m 9.880003 
5 19880265 

9.880528 


on 9.880790 


2 or oh iver pte 


© OO 


16 


9.goo9r4 
9.900818 
j 9.900722] - 7° |g.881576 
I 


9.782464 
g.782630 


9+ 782796 


9.900626 
9.900529 
9 + 900433 
9.900337 
9.900240 
g.yoor44 
g. pees 
9.899951 
9.899854 
9.899757] 5 
9.899660 
9.899564 
9.899467 
§ «899370 
9.899273 
9.899176 
9.899078 
9.898931 


9.898884 162 


9.881839 
9.882101 
9.882363 
.882625 
.882887 
.883148 
.883410 
883672 
883934 
.884196 
884457 
.884719 
.884980 


.885242 
.885503 
«885765 
- 886026 
.886288 
.886549 
.886510 
.887072 
887333 
-887594 


Nol ooh oR oso oe oh ok 2) 


OOwowowoowov 


436 [5 
436 |i 


117899 
-117637 


10,.117275|10 
L0.117113/10 
10.116852)10 
-116590|t0 
-116328}10 
-116066|10 
-115804|10 
-115543/10 
.115 281/10 
»TI§020/10 


To 


-114758}10 
~T144g7110 
- 114235|10 
-113974|10 
»113712|10 
-113451|10 
sTI3ZIQO}IO 
-112928]Io 
-112067|10 
.112406]10 


10. 


-099374)10.2 


-099567|10.2 
.099663|10.2 
.099760|1G.2 
.099856)/10.2 
-099953110.2 
»100049}10. 2 
-100146}10.2 
»100243/10.2 
-T00340|10. 
.100436]10. 
. 1005 33 


. 100630}10. 
~100727)10. 
.£00824|I0. 
.100922/10. 
.IOTOIg|FO. 
~TOLTITO|IO. 
~101213/10. 
~IO13II{10. 
-IOT408|I0. 
- 101 506/10.2 


EQ, 


17530 


099471|10.217370 
17204 


47939 
16873 
16708 
16542 
16377 
16212 
16047 


13911 


.88735 5 
888116 
-888377 
838639 
888900 
889160 
389421 
889682 
-889943 
.890204 
g 890465 
9.890725 
9.890986 
19 .891247 
9.891507 
9.891768 
9.892028 
9.892289 
9.892549 
9.892810 


#112145|10.101603|10. 213748 
»1I1884]10.101701/T0.213584 
~111623]/10.101798!10.213421 
101896|10. 213258 
TOIgg4|TO. 
102092}10. 
102190|I0. 


10 
IO.111367|10. 
.IIITOO|IO. 
.IIOZ40]/10. 
11057910. 
.110318|10. 102288)/10. 
.110057/10.102386)10. 
.109796/10.102484]10. 
10.1095 35|1G. 10258210, 
10.109275|10.102680/10, 
10, IOQOT4|10.102778]10. 
10.1087§3/10.102877|10. 
10,108493}1C. 102975]10. 

10307 4/10. 


10.108232|10. 
.107972}10.103172/10.211144 
.107711|10.103271|10.210982 
103369'r0. 210820 


.107451/10. 
. 107IQO!L0. 103468 /20. 210658 


— |_| — 


Tang. 


1 | 47 9.787232 
48 |9.787395 

40 |9.787557 
E32 (9:787720 
| | 52 |9-787883 
} | 52 [9.788045 
Y | 53 19-788208 
54 |9-788370 
“} | 55 [9-788532 
} | 56 |9-788694 
} | 57 |9-788856 
| 53 [9.789018 
59 |9-789180 

60 |9.789342 


m |Co-sine.|. 


weoowwowouoououwouwvrwolyTo 


164 
64 
164 


9.896729] 764 
|9-896631) | ¢ 
9.896532 


Om YPWhA AN COO 


| 


Secant: | M 
U 


Co-tang| Co-sec. 
hed 3 52 Degrees. 
. Se oe ‘ is : 


>= 


154 TABLE XXV. 
LOGARITUMIC SINES, TANGENTS, AND SECANTS. 


' 38 Degrees. 
| pay Sine. Ditt, |Co-sine, D.} ‘Pang. Ditt. 


\ 


\Co-tang.| Secant. | Co-sec. | M 


—— | 


a 


107 190}10.103468/10.210658] 60 

. 106930|10.103567 10.210496) 59 
5 
57 


© 19+7893421 36, 9.896532 Rbbaonaese 
I 19789504 260 19 +B90433) 16< 19*893070) 
2 4).789665 9896335] 765 [9-893331| 
3 /9-789827| 264 9-896230] 162 |9-893591 

-789938| 347 \9-896137] 162 19-893854) 


.10666y}10.103665]10. 
>. 106409/10.103764)T0. 
0. 1C6149]10.103863]10, 


4/9 ana 

5 788 sir [9896038 tHe y 8ggrit| r . 105 88g}10.103962]10, 55 
0 19.79C0310 nae 9.895939 re 9-894371| .105629|10.104061/10, 54 
7 19-79947! 268 y.895840 103 9.894032) .105368]10, 1041 60!To. 53 
8 \9.790632 268 9.895741 165 9.894892) .105108 10. 104259! 10. 52 


) 19+7997931 569 9895641) 14% [9.895152 -Y04848/10.104359|I0. 


19 |9.790954 368 9.895542] °° g-895412 -104588}10.1044 58/10. 


_—— ———e 


II |g.791T15 268 9895442 166 (9°895972) -104328/10.104557|10. 4y 
HY 9: 791275 267 9.895343 4 a 9.895932 : .104068)10.104657|10. 48 
13 ae tae 267 9-895 244) 566 19-896192| | 103808 10, 104756|10. 47 
4 |9-79159 267 9895145 166 19899452} -103548 10,104855|I0. 46 
| + 9:791757 267 9+395945] 5 66 9896712 : -103288/10.104955/IO. 3 45 
9791917] ae 9.894945 166 |(9°290971 »103029|10.105055|10. 44 
17 |9.792077 267 9894846) 66 19.897231 .102769/10. 10$ 154/10. 43 R 
18 |9.792237 my 9-894746] 566 9.897491 »10250g]10.10§ 254/10. 42 : 
19 19-792397| 66 9894046) | 66 19-897751] 7: .10224g]/10. 10535 4/10.2 41 
BOI T9BSST ay 10s RUSS AON Neg BOCORO) 11 ie KOEGOO) (Geeta) nee 
21 \9.792716 a6 9 894446 167 9.893270 iy .101730/10.105554|10.307284| 3 
a 9.792876 266 y 894346 167 9.898530} ~ITOL470/'0.10§654110.207124| 38 
23 19793935] 366 9.894246 167 9.898789) "9? 10} 211|10.105754/10.206965} 47 
24 19.793195 abe 9.894146 167 9.899049) ts .100951]F0,105854/10.306805] 36 
) 9.793354 65 9.894046 167 9.899308 .100692]10.105954|10. 206646} 35 
AGO. 794514 263 9.893946 167 9.899568 100432/10.,106054/10. 206486} 34 
ay 9.793673 263 9.893846 167 9.899827 .100173|10. T0615§4|10.206327| 33 
28 |9.793832 265 9.893745 164 9.900085 099914/10.106255}10.206168) 32 
| 29 19-793991 36 9.893645) 565 |9-900346 .09965 4110.106355|10.206009} 31 
| 32. 19-794150 ce 9.893544 - 9.900605 .099395|10.106456/10.205850! 30 
gt 92794308 264 9893444] 169 |9.900864 -099136)10,106556|10. 205692 
| 32 9°794307 264 9-893343 163 [9 *9OLE24 .098876]10, 106657|10,. 205533 
33 |9.794026 264 9.893243 168 9.901383 .098617|10.106757|10.2C5374 
34 19.794784 ay 9893142) 569 9.901642) | .0983538110. 106858]10. 205 216 
| 33 9-794942) 36) 9+893041) 49 |9-9OTQO]| | 098099}10..106959}10. 205058 
36 |9-795TO1) 64 9.892940] F469 g.go2160 .097840]10. 10700010. 204899] . 
37 9.79525 263 9.892839 168 |9*902419 .097581|10. 107165)10. 204741 
{| 38 (9-795427) 3 9 892739 168 9.902679 -097321|10.107261|10. 204583 
f | 39 |9-795575 ae 9.892638 169% 9.902938 .097062/10.107362110.204425 
: ee 9°795TSB) 419892530! og: l9OOST9R io) |e OpPma A tOnT07404 10s aaa 
| | 4f j9.795891! |, .8924.35 10.096545]10.107565|10. 20410 
|} | 42 ee 203 892334 : 10.096286 ro sae fe) ; 
1) 43 [9.796206 263 |9°892233 10.096027/10.109767|10. 
b | 44 19-790361) os (9.892132 10.095768|10.107868/ro. 
| | 45 19.796521) 27" 19892030 £O,09§509|TO.107970|10. 
| 46 |9.796679 6a 9.891929 10.095250|10, 108071|10. 
| | 47 |9.796836| ? 9.891827 : 10.094992|10.108173|10, 
| 43 19.796993 20? Ig.891726] 2 827) ; 
PAS 19-7 993) 26 |9-891725) 5 [0.09473 3|10.108274|10. 203007 
} | 49 19-797159 Gh 891624 . 10,094474110.108376/10.202850 
H | 5° 19+797307 bt 10 .094216 10.108477 10. 202693 
| | St 19-797404) o 6, 10.093957|10. 108579|10. 202536 
| | 52 (9.797621 nie 10.093698]10. 10863 1/10. 202379 
P| 93 19°797777) 36; T0.093440]10. 10878 3]10. 202223 
ates + 198797934) gs 10.093181|10.108885|10.202066 
55 9-798091) 6, 10.092923|/10.108987|10, 201909 
5 9.798247 SES 10.092664|10. rogo8q}10. 201753 
| OAT9° 4931 65 10,092406|10.109191|10. 201597 
58 19.798560| 9. 10 ,092148|T0.109293|T0. 201440 
59 |9+798716} | ee 10.091889|10. 109395|10.201284 
$9 19.798873) * 503 10.091631|10.109497|10. 201128 
M |Co-sine. Sine. Co-tang Tang. | Co-sec. | Secant. 


be 51 Devrees. 


O OMI AU BOP a sh 


Sine. 
9. 798872 
9.799028 
9+799184 
9799339 
9-799495 
9-799651 
9.799806 
9+799962 
9.800117 
9.800272 


9.800427 


9.800582 
9.800737 
9.800892 
9.801047 
9.801201 
9.801356 
9.801511 
. 801665 


9. reer 
9.802282 
9.802436 
9.802589 
9 802743 
9.802897 
9.803050 
9.803204 
9 803357 


3° |9.803517 


26 


g. 803664 
g.803817 
9.803970 
9. ane 
9.804276 

9.804428], 
9.804581 


8 |g .804734 


42 


F 804886 


9. Dascro: 
9 805 343 
9805495 
9 805647 
9-805799 


6 |9.805951 


49 


he 


M 


9.806103 
9.806254 
9.806406 
). 806557 
9. 806709 
9.806860 
9.807011 
9. below 
9.007314 
9.807465 
9.807615 

9.807766 
‘s 807917 
9. +808067 


\Co- sine. 


ine. |Difl. Co-sine.; D. 


260 
260 
260 
259 
259 
259 
259 
259 
459 
258 
258 
258 
258 
253 
258 
258 
257 
257 
257 


‘9. 890503 
g.890400 


TABLE XXYV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


39 Degrees. 
D:ff. |Co-tang. 


‘Tang. 


° 9-908309 430 


9.890298 
9.890195] 77) 


9.890093 


9.889999) J. 


9.889888 
9.889785 


I 
9889682) 77 


9889579 
9.889 .88 
9.889374 
.889271 
.889168 
ogee 


9.887614 
9. 887510 
9887406 
9.887302 
9.887198 
887093 
886989 


886780 
886676 
836571 
886466 


Q. 
9. 
9. 
9. 
9. 
9. 
9. 
go g 886362 


oe 9.836257 


9.886152 
9.886047 
9.885942 
9885837 
9 885732 

9. 883627 
9.885522 
9. 885416 
9+885311 


9. 9.885205 ; 


i 


9477) 5 


430 
430 
430 
430 
430 
430 


Io 


| 430 |. 


‘ g. 9=9TO951 


9.911209 
9911467 
9-Q11724 

g.9ligs2 

9.912240 
9.912498 
9912756 
9-QI5014 
9.913271 
9 +913529 


9-913787 


2 19°9%4044 
% |9- 914302 
’ 19.914560 
5 19:944817 
2 19°915075 


9-915332 


2 |9°97559° 


9-915847 


"19+ g16104 


886385 | | 


9.916362 
9. B16 19 
9.916877 
9-917 134 
9917391 
917648 
9+917995 
9.918163 
9-918420 
9+918677 


: 9. 918934 
= {9 -9F9I9T 
2 19-919448 


9.885100 ft 

9884994) | 
76 

9.884889 ng 


9884783 


9.884677 aly 


9.884572 
5.884466 
9.884360 
9. 884254 


Sine. 


159 923300 4 
sah 428 


176 | 


9919705 
9.919962 
Q. 920219 
9.920476 
9-920733 
9 «920990 


6 9-¢ 21247 


6.17 Seas 


1992355 
9 «923813 


Co- tang 


430 
430 
430 
430 
430 
430 
430 
430 
430. 
430 
430 
429 
429 
429 
Pi 

ac 


—_—_— 


IO 


ite) 
10 


50 MSN Clg weenie: >. . UO Neareeamiatieen kt was oka ) 


10.086213 
-085956 
.085648 
-085440 
.085183 
-084925/10. 
.084668) 
.084410 
-O841 53 
.083896 
10.083 3638 
083381 
083123 
.082866)TO. 
.082609|10. 
.082352|10. 
.082095]10. 
.08 1837/10. 
-O8158o]Io. 
10.081323!10, 


10,.081066|10. 
.O8080g]TO. 
»08055 2/10. 
.080295]TO. 
.080038)10. 
1079781|10. 
-0O7952 4)/10, 
-979267|10. 
.OFQOIO|TO. 
-078753)10. 
.078497/TO. 
.078249]/10. 
.077983/10. 
.077720/10. 
2074470110. 
-O7 7295/10, 
.076956\I0. 
10. 
.076443 
076187 


Tang. 


-0g1631)10, 
.OOE 
-OQITI4|IO. 
.090856|10. 
-O90598}10. 
.090340|TO. 
-09008 2|TO. 
-089823/10. 
.089565/T0. 
.089307/TO. 

-089049|10. 
.08879110, 
.0885 33 
.088276 
.088018 
-087760 
.087502|10. 
-087244|TO. 
.O86986|TO. 
peas 9 


2590 


SH ae 


TO. 


Id. 
TO. 


Toy 
086473 |10. 
10, 
10. 
\10. 
TO. 
10, 


Io. 
EO. 
10, 
TOR 


TO; 
Io. 
TO. 


10. 
tO. 
TO. 


076700 


Sécant. 


Io. 


TO.T10832j10.1 


Co-sec. 


201128 
200972 
qoo816 
200661 


109497|I0. 
IOg6oo|1o. 


109702|10. 
10980510. 
10QQO7|10.2 
1§O0O0f0}10. 
TIO1I2|10. 
110215|10. 
TIO318]10. 
11042110. 
110§23|10.199573 
110626]TO. 199418 
110729110. 199263 
To8 
TI0G3ZO/10.19895 3 
I1103g]10.198799 


200038 
199883 


200505 Pe 
200349] 55 
200194] § 


199728) § 
Bel, 


T1II4210.198644] 4 
111245]10.198489| 42 


TII349|10.198335 
I11452|10.198i81 
T1155 6}10.198027 


111659|10. 


111763|T0. 197718! 


111866|To. 
I1Ig7O}1O. 
112074|To. 
II2176|10. 
trazkalid. 
T12386|TO. 
TI24go|TO. 
TO.112§94|10.19 
TI2098/10. 
112802T0. 
¥I2g907|10. 
113011/10. 
IT3f15|TO. 
113220|T0. 
TI 3224 TO, 
T1342g9/10. 
113534)10. 
T13638)10.1 ) 
113743/10.1y480y 
113848|10.194057 
11395 3/TO.194505 
114058|10.194353 
T14163|TO.194201 
114268/TO.194049 
114373|10.193897 
114478/10.193746 
114584/19.193594 
L1468g/T0.193443 
1147G5|10.193291 
114900/10.193140 
11§006)10.192989 
LIS§LITI0.192837 
RUS Sea 192686 
115329, }0.192535 
115428/10. 192385 
T1§5§34/10.492234 
L1gG4o}to, wea 
0.37574 46/10. 19193 


~~ 


197564]. 
197413 


Co-see,, _{™M |Co-sine| | Sine, |. |Co-tang) _| ‘Tang. | Co-see, | Seca 20re 


197257| 
197103} 3 
196950} ; 


eee 


ret te a 


M 


- ~ 
ey 


TABLE XXV._ 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
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4U Degrees. 
M | Sine. |Ditt.|Co-sine. D. | Tang. |Diff.|Co-tang.| Secant. | Co-sec. |" 


177 9.923813 
177 9 -924070 
9 -924327 


10.115746|10. 191933 
10.115§852|10,191782 
10.115958}10,191632 


9.808057 
9.808218 
9.808368 


884254 fe) 
884148 


884042 


.076187 


075930 
075673 


428 
428 
428 


251 
251 


9.808519 
9.808669 
9.808819 
9.808969 
9.809119 
9.809269 
Ig.809419 
g +8095 69 
g 809718 
9.809868 
9.810017 
14 |9.810167 
9.810316 
9.810465 
9.810614 
9.810763 
g.810gi2 
9.811061 
9.811210 
9.811358 
23 |9.811507 
24 19.811655 
25 9.811804 
26 |9.811952 
9.812100 
9.812248 
9.812396 
9.812544 
9.812692 
9.812840 
3 19.812988 
34 |9-813135 


OD OI AQ Pw YP HO 


bt 


_— 


9.814166 
9.814313 
9.814460 
9.814607 
9+814753 
46 |9.814Q00 
9.815046 


9.816361 
9.816507 
9.816652 
9.816798 
9.816943 


M |Co-sine. 


251 
250 
250 
250 
250 
250 
250 


g- 
9. 
g. 
9.883936 
9.883829 
9. 
9. 
9. 
9. 


833723 Ss 


883617 
883510 
883404 
9 883297 
9.883191 
9.883084 


9.882977] 5 
9.882871 % 


9.882764 
9.882657 
9.882550 
9 882443 
9.882336 
9.882229 
Q.882121 


9.882014 : 


9.881907 
9.881799 

.881692 
9.881534 
9.881477 
9.881369 


9.881261 ‘ 


9.881153 
9.881046 
9.880938 
9.880330 
9.880722 
9.880613 
9.880505 
9.880397 
9.880289 
9.880160 
9.880072 
9.879963 


9.877890 
9877780 


Sine. 


9-924583 
9.924840 
9.925096 
177 19° 925352 
17 |9°925009 
9.925865 
9.926122 
g 92926378 
9-926634 
9.926890 
9 +927147 
~Q |9 

178 \y.927659 
£3 |9-927915 

9.928171 
9.928427 
79 9.92868 3 
9.928940 


9+929196 
9.929452 
9.929708 
9-929964 
9.930220 
9 «930475 
9.930731 
9 «930987 
9-931243 
9+931499 
9.931755 


Co-tan: 


-927403| © 


424 
427 
427 
427 
427 
427 
427 


49 Degrees. 


-075417|10 
.075160;10 
.074904/10 
.074648/10 
-074391|10 
.074135|10 
.073878]10 
.07 3366110 
.O73110|10 
.072853|10 
.072597|I0 


-070292|10 
.070036]/10 


.069269) 10 
.06901 3} 10 
.068757/10 
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Tang. | Co-sec. | Secant. | 


.072341]10. 
.072085|10. 
-O71829|10. 
-O71573}19. 
.071317|10. 
.07T060/10.11787g/10. 
.O70804]10. 
.0705 48/10. 


.069780]TO. 
.069525|10. 
-IT863I|10. 
.118739|10. 
-118847/I0. 
.068501|10. 11895 4|10 


10.068245|10. 
10.067990}10. 
10,067734/10. 
10,067478/10. 
10.067222/T0. 
10.066967]/TO. 
10,066711|I0. 
10.066455/10. 
10.066200;10. 
10.065944}10,120037|10.185981 
10.065689]10. 
10.065433}I0. 
10.065177|10. 
10.064922]10. 
10.064667|10. 
10.0644T1{10. 
10.064156)10. 
10.063000|10. 
10.063645|10. 
10 063390]10. 


10.063134|10.121234|10. 184368 
10.062879]10. 
062624|10. 
.062368|10. 
.O62T13iTO. 
L618 5810. 
.061602|10. 
.061347/10. 
.061092}10. 
.060837]}10. 


-116064]10. 
-I16171|30. 
.116277|70. 


.116383|10. 


-116490|10. 
-116596)TO. 
-116703|TO. 


+07 3622|10.116809}10.190431 


-I16g916|10. 


-117023|10. 
~ 11712910. 
-117236|I0. 
. 189684 
-189535 
117557|10. 
11766410. 
11777110. 


117343|10 
£17450|10 


. 188790 


1179861 
I180g3/10. 
.118201|10. 


.118308]10. 
118416}10, 


118523|L0. 


IIQI7O}10 


119603}10, 


_—-—— 


T2068g]10, 


120907|IO. 
121016/TO. 
121T25}10. 


121344|10. 


190731 


119062]10. 
.187160 
119278|I0. 
119387|LO. 
119495]TO. 


TIQ7LI|IO. 
TIQS20}10. 
T1g928}10. 


120145|TO, 
120254|1O. 
120363|10. 
120471|TO. 
120580}r0. 


12079810. 


12145 3|10. 
121s62/10. 
121672/10. 
121781|10,183639 
121891|TO. 
122001|TO. 
I22IIO/10. 
122420)10. 


191481 
191331 
IQlI8I 
191031 
190881 


190581 


190282 
190132 
189983 
189833 


1893386 
189237 
189088 
188939 


188642 
188493 
188345 
188196 
188048 
187900 
187752 
187604 
187456] 30 
187308| 29 


187012 
186865 
186717 
186570 
186422 
186275 
186128 


185834 
185687 
185540 
185393 
185247 
185100 
184954 
184807 
184661 
184515 


184222 
184076 
183931 
183785 


183493 
183348 
183202 


183057 
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Sine. | Sine. [Difi. {Co-sine.| D. | Tang. |Diff. |Co-tang.| Secant. | Co-sec. | m | 


0 |g. 816943 
9.817088 
9.817233 
9+817379 
9.817524 
9.817668 
9.817813 
9.817958 
9.818103 
9.818247 
9.818392 


9. 9.8185 36 
9.818081 
9.818825 
9.818969 
9.819112 
9 819257 
g.8rg4o1 
9.819545 
9.819689 


9 19-8 .819832 


9819976): 
g-820120 
9.820263 
9. 820406 
g .820550 
9.820693 
9.8208 36 
9.820979 
9.821122 
9.821265 


9. 821407 
9.821550 
9.821693 
9.821835 
g+821977 
9.822120 
9.822262 
g .822404 
9.822546 
9.822688 


9.822830 
9.822972] 5 
g.823114 
9.823255 
9.823397 
9.823539 
9.823680 
9.823821 
9.823963 


y824to4 


9.824245 
9.824386 
9.824527 
9.824668 
9.824808 
9.824949 


57 |9.825090 
58 |9.825230 
59 |9-82537% 


2825511 
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9877670) | 


9.877560] | 3 


9. 877459 7: 


874121 
.874009 
.873896 
873784 
.873072 
.873560 
.873448 
9873335 
9. 9.873223 
9.873110 
9.872998 
9.872885 
9872772 


9.872659). 


9.872547 
9.872434 
9.872321 
Ber Anes 

.872095 
i 871981 
9.871868 
9.871755 


9.871073 
Sine. _ 


9.877780 " 
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Co-sine.| D. | Tang. |Diff. |Co-tang. Secant: 


rag 


9 939163 
9.939418 
9. 939673 


Q. 1941204 
9.941458 
9-941714 


9941908 
9. 
9. 
9+942733 
9942983) 
9+943243 
9-943498 
9+943752 
9+944007 
9.944262 
9+944517 
9.944771 
9.945026 
9-945281 
9+945535 
9+945790 
9 -940045 
9946299 


5 19-940554 


9.946 946808 


947063 
947318 
-947572 
947826 
.948081 
948336 
948590 
948344 
-949099 
9 -949353 
-949007 


.950116 
»950370 
950625 
-950879 
951133 
951388! 
951642! 
9.951896) 


-952150 
952495 
.952659 
-952913 
953167 


953675 
953929 
-954183 
9.954437]. 
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942223] 
942473] — 


.949862] © 


933421) 4 
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425 
425 
425 
425 
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,060837/T0. 
.060582/10. 
06032710. 
.06007 2/10. 
059817|10. 
05956210. 
-059306|10. 
.059051|10. 
-058796|10. 
-058542I/TO. 
.058286]I0. 


058032/10. 
°057777|10. 
.057522/T0. 
.057267|10, 
.057012|I0 
.056757/10. 
.056502|10. 
.056248]T0. 
-055993|10. 
10.05§738/10. 
10.055483|T0.1 
.055229/10. 
.054974|TO. 
.O54719/10, 
054465/10. 
.054210]10. 
.05 3955/10. 
-053701|10. 
-05 3440/10, 
10.053192]TO. 


.052937/TO. 
£05 2082|10. 
.0§2423/10, 
.052174|10. 
-OSIQIQIIO. 
.051064}10. 
.O5I4TOHIO, 
.O5T15 6/50. 
OSOQOI}IO. 
10.050647}10.1 


.050393|I0. 
-O501 38]TO. 
.049884|10. 
.049630]10. 
.049375|IO. 
-O4QI 21/10. 
.048867|I0. 
04861 2|I0, 
.048 358/10. 
-O48104II0. 
“0478 50\t0.12 
+047595|10- 
-047341|£0, 
2047087|10. 
.0468 33/10. 
.04657y|T0. 
.046325|10. 
.04607 110. 
.045817|10. 
Io. 


045503|10. 


Co-sec. 


— 


122220/10. 


122330|10 


124541)TO 


124652|10. 
124763/I0, 
124874j10. 
124986|50. 
12§097|10. 
125209|I0. 
125320|10. 
125432|TO. 
125544|10. 


125656|10.17 
¥25708|10. 
125879|10. 
12599110. 
126104|10. 
126216|10. 
126328/10. 
126440|10. 
12655 2|10. 
126005)10. 
5.1267 77|10. 
126890110.1 
127002|TO. 
127115|10. 
127228110. 
127341|10. 
127453/10. 
127566/t0. 
127679|10; 
.129792|10.17 
127905|I0. 
128019g|10. 
128132/30. 
128245|10. 


128359}10. 
$28472|10.17 
128586/10, 
128699|10. 
1288 13}T0. 
128927|I0. 


—— oe ee 


Co-see. 


»T82g12 
122440|to. 
122550|10. 
122660}10. 
122770]10. 
122880|10. 
122990/TO. 
123TO0I|1O. 
12321T|10, 
123322/TO. 


12343210. 
123543/10. 
12365 3/10. 
123764/10. 
.123875/10. 
123986|10. 
124096|10. 
124207|10. 
124318|10. 
10.12442y|10.1 


T0.180024] 39 39 


Secant. 


183057 


182767 
182621 
182476 
182332 
182187 
182042 
181897 
131753 
181608 
181464 

181319 
I8ti75 
181031 
180887 
1807 43 
180599 
180455 
180311 
180168 


179880] 38 
179737| 37 
179594| 36 
179450} 35 
179397] 34 


179164] 33 


17g021} 32 
173878) 37 
10.178735}| 30 
178593] 29 
17845c| 28 


178307) 27 |. 


178165) 26 
178023} 25 


177880} 24 | 


177738] 22 
177596 i 
177454 
char Ak esa} Bs 
7 7EIE 
77028 
176886 
176745 
176603 
176451 
1763720 
176179 
176037 
175896 


175755 
175614 
175473 
175332 


a 
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TABLE XXYV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


M | Sine. [Duiff. 


eh 
9.825651 
g-o2579! 
9.825931 
9.820071 
g.826at 
9.826351 
9.826491 
9.826631 


8 
8 
18 
8 

8 
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9.826910 
9.827049 
9.827189 
9.827328 
9.827467 
"lg 827606 
9-827745 
9.827884 
9.828023 
g-828162 
9.828301 


Il 


9.829545 
30.19 1829083 


M {Co-sine. 


9.826770)" 


.871973 
.870980 
870846 
+8707 32 
.$70618 
.870504 


9.869360 
19 869245 
9.869130 
9.869015 
9.868900 
9.868785 
9.868670 
9.868555 
9.868440 
19.868324 
9.868209 
9.868093 
9.867978 
9.867862 
9.867747 
9.867631 
g+867515 


9.867283 
9.867051 


9.866703 
9.866586 


9.866353 
9.866237 


9.866004 
9.865770 
9.865653 


9.865302 
9.865185 
9.865068 


9.8644 


Sine: 


9 867349] | 
9867167] * 
9.866935] | 
9.866819 : 
9.866470) | 


g.866120 ; 
9.865887 : 


9.865536 : 
9865419] | 


I 
9864950 

; 19.864833 : 
9-864716] | 
9864598 a 


9-864 363) | 
6 9.864245 106 
9.864127 


42 Degrees. 


9954437 
)-9540G7 
9.954945 
9.955200 
9+955454 
‘9+ 955797 
9.955961 
9.956245 
9.956169 


Igo 
igo 
199 
igo 
Igo 


9.956793 
9-950977 
9.957231 
9.957485 
1 |9*957739 
9-957993 
J.953246 
9.958500 
9.958754 
9.959008 
9-959262 
“19.959516 
2 es ee 
959709 
. 960023 
.960277 
.960531 
. 960784 
.961038 


| 


961545 
«961799 
962052 
3 19,962306 


ODOOOOOCOO 


trie Mai bc 
9.964842 
9.965095 


Co-tang! | 
47 Degrees. 


.961291} - 


-045563)30. 
.C453C9]T0. 
.O45055j}f0. 
.O44800]T0, 
-O445 46/10, 
.044293}10. 
.O44039]10. 
.043785{10. 
-O435R1/10. 
.043277]}10. 
.04 3023/10. 


TO.04274g]10. 
10.042515|10. 
04326110. 
.049007}10. 
.O417 54/10. 
.O41 500] 10. 
.O4I2406/10. 
.040992}10 
.0407 38/10. 
.040484]10. 
.04023T/10. 
-039977|10. 
.039723}10. 
.039469]10. 
.0392T6]TO. 
.038962)10. 


.035412 


.03313I|10. 
.032877/10. 
10,032624|f0. 
10.032371|I0. 
10.032117/10. 
10.031864]10. 
10,031611/T0. 
10.031357|10. 
10.031TO4|IO. 
10.030851|10, 
10,030597|10. 
10.030344/t0. 


Tang. Co-sec. 


i\Co-sine.| D. | ‘Pang. [Diff.|Co-tang.| Secant. | Co-sec. 


eS ee 


os 


128927]/10. 
12gO40}TO. 
Id. 
.174069 
-173929 
TO. 
TO. 
IO, 
10. 
IO, 
10.17 3090 
10. 
fo. 
TZ04TIj/10. 
130526]To. 
130640}I0. 
130755|10. 
13087C)10. 
.130985]10. 
131 100,10. 
131215/10.171699 
131330/10. 
I3T445|10. 
131560|10. 
131676/10. 
13I7Q1|10. 
131g07|10. 
.132022/10, 
.132138]10. 
.132253|10. 
-1323069/10.170317| 30 
.132485|10.170179 
.132601|10. 
.132717/10. 
.132833/10. 
-132949|10. 
.133065/TO. 
.133181/10, 
«133297|10. 
-133414/f0, 
-133530]10. 


. 168805 
. 168668 
168531 
-133996|10. 
.I134113/10. 
.134230/TO. 


-134347|10. 
.134464110. 


129154 
129268 
129382 
129496 
129610 
129724 
129839 
129953 
1300067 
130182 
130296 


io 
}O 


1345§81|T0. 
134698|10. 
134815|I0. 
134932|10. 
135050]10. 


135167110. 
135284|I0. 
135402|10. 
TO. 
10. 
10. 
Io. 


135519 
135637 
135755 
135873 


Secant. 


M 


174489] 60 
174349) ! 
174209 


173789 
173649 
173509 
173369 
173230 


172951 
172811 
172672 
172533 
172394 
172255 
172116 
171977 
171838 


171561 
171422 
171284 
171145| 36 
171007 
170869 
170731 
179593 
170455 


170041 
169903 
169766 
169628 
169491 
169354 
eee 
16907 

1686a8 


168394 
168258 
168121 
167985 
167848 
167712 
167575 
167439 
167303 
167167 
167031 
166895 
166759 
166623 
166488 
166352 
166217 


| Or Do kU OAV ona | 5 


M 


LOGARITHMIC SINES, TANGENTS, 


II |9.835269 
I2 (9.835403 
13 |9.835538 
14 |9.835672 
T5 |9-835807 
16 |9.835941 
17 |9.836075 
18 |9.836209 
19 |9- 830345 
20 |9.836477 


9-837945 
7.835078 
9.838211 
9.838344 
Qe 838477 
9.838610 
9.838742 
9.838875 
Q. 8 39007 
A0.198391 49 

9839272 
.839404 
839536 
.839668 
. 839800 
-839932 
. 840064 
- 840196 
.840328 
).840459 


)- 840591 
.8407 22 

(840854 
. 84098 5 
841716 
841247 
-841378 
.8 11509 
.841640 
-841771 


re 


a, Co-sine. 
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5) 
1e) 


g |9-857422, 
Q |9- 85730c; 
g |9: 857178) 


“g64or0! } 


teks: 


862115 
861996 
861877 
.861758 


OOLO4! 
.860922 
. 860802 
9.860682} 799 


i9.t 860202 x 
9 860082} ~ 
9 859962) - 
9.859842 
9.859721 
9. 85960: 4 
9.859480) * 
9-859360! * 
9.859239] - 
9.859119 
-858098 
.858877 

838756 
858635 
~8585 54] ~ 
-858393 


g. 9.858029] ~ 
Q. &§7908 AS 
Q. 857786 
Q. 857065 
9.857543) 5 


9.857056: 
9. 850934 F 


_{ [Co-sine| | Sine. | [Co-tang! | 
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TABLE XXYV. 


oe wondhaol 


No) 


.971084 


-971935 
9-97 2188 


972441 
972694 
.972948 
-97 3201 
-973454 
973771 
973960 
974213 
974466 
9.974719 


974973 
+975226 
*975479 
*975732 
975935 
976238 
976491 
.970744 
-976997 
9-977 250 


| 


\ 


ae ay ay 


977756} 
-978009 
.978262 
6978535 
-978768 
979021 
979274 
979527 
-979780 
9.980033 
9.980286 
9 +9805 38 
9-980791 


se 


7» (9-981044] © 


Q. 981297 
9.981550 
9.981803 


.983320 
983573 
983826 
‘984079 
.984331 
9845 584 
98.4837) © 


Co-tang’ 


Pe eters AR popgae 


971429] © 


-9775093 


.030344]TO. 
.OZ0091|10. 
-02838|10. 
.039584|I0. 
.029331]10. 
.029078/10.1 
-028825|10. 
.028571/10. 
.028318)10. 
.028065|T0. 
-027812/10. 


-027559|T0, 
-027306f10. 


To 


-025534 
1025281 


»024521 
.024268 
.O24015 
.023762 
10.023509 
.023256 
-023003 


.O2199T|LO 


10 .020220/10 


10.019)67|10. 
/OTO7T4]IO. 
-019462]10. 
-OI9209]10. 
-O18956]I0. 
-018703|10. 
-O18450|10. 
/O181g7|10. 
.017944}10. 
O17 091|10. 
-01743 7438/10. 
.OT7186|10. 
.016933|10. 
.OL6680]10. 
-016427|10. 
.OTOIT4/I0. 
.OI§921|10. 
-O1§669/10. 
.O1§416]10. 
-OT5163}/r0. 


10.027052|10. 
.026799|10. 
.026546/10.17 
.026293/10. 
.026040|10. 
10.025787|10. 
10,13 
10.1, 
.025027/10.138: 
-O24774)10.1° 

10. 
10. 
10,12 
iO, he 
10. 
10, 
10, 
© .022750|10.1 


ie pdf 
.022244]10. 


140640 


Co-sec. 


AND SECANTS. 


sgl ae 
13599O|LO. 
136TO8|10. 
136226|10. 
136344|r0. 


es 
.165540 
.165405 
.165270 
165135 


136462|10 
136581|10 
136699|10 


136817/T0. 
136936]10. 
10.137054/10.16 
137173]10. 
13729110. 
137410j10. 
. 164328 
164193 
.164059] . 
- 163925 
-163791 
163657 
10.163523 3 
10. 163389 
.163255 
.163122 
162988} - 
.162854 
-162721 
- 162588 


1397 98|TO. 
139318/10. 

39438]10. 
139558|10. 
139678|TO. 
.139798|10. 
0217 38]10.1 
-021485/10. 
.02T232/10. 
.020979|1O. 
.020726|10. 
.020473|I0. 


39918|10. 
140036|TO. 
140158|T0. 
1Oe 
Io. 


140279 
140399 
140520|T0 


1 ge) 


140761]10. 
T40$88r/10. 
141002|TO. 
I41123{10. 
T41244|10. 
141365|10, 
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345571/3618961378 110139-4209/410188|4 2004 214417671 457357 
345844/362167|378379|394477/41045.4}420306|442028)457655 


340117)3624 38/378649139474414107 19/4 20569)442280)45 7874/47 3320 
346390] 362709]378918]3950T 141098414 20832)4425 5014581331473576 
346663) 3629801379187|395 2781411 2491427095 /44 28 101453 3911473832 


| 


393942}409923/425779]441506145 70981472551 


472807 
473063 


29° 
484830) 
485004 


487606 
487860 
488114 
488369 
488623] 
183875, 
489129 


340936136325 1137945 61395540/4115 14/427 358/44 307131 15865014740881489 382 
347 208/363 5 2213797 25139581 3}421 7791427021144 33321458908]474 3441489636 
347481| 3637931379994] 396080/41 20451427884) 44359314591661474600/489890 


3482.99] 364606]330801 


35205813689 361395 101 


350191372448 
35940613727 181388856) 404876 
3567381372988) 3891241405142 
357910) 373258/339392/405408 
357281) 37 3528) 389000) 405673 421563/437325|452953 408444 
35785 3|373797|3099 28] 405939 |421827|437 5871453213 468701 


358096137433713904623 
3583681374607 


69° | 68° 


-—— 


67° 
Natural Co-sines. 


451 | 448 | 445 | $41 | 438 | 434 | 430 


ee, | ee | | | | J | | | 


355923137 2178) 383320] 4043441420244143601 7145 1656/4607 15 814825 181497731 
388588|404610!4205081436278|451916|467416/4827 731497983 
42077 2/436540|452175|46767 3148 30281498236 
4210361436802145 2435/467930/483 28 21498488 
421 3001437063143 2694 468137/48 35371498740 


4837921498992 


434046 


3§7825]37 4067! 390196] 406205 |422091/437343145 3472 4689531484301 
406471/422355143811014§3731 4692151484555 
3907 31/4067 37|42261814 38371145 3990 469472434810 500000; 


66° | 65° | 64° | 63° | 62° | 61° | GO? | 


499244 
1499496) 
499748) 


426 | 42 | 


a crt ft Pf | | jf SS | J —— | + 


347754|3640041380263|3963471412310]428147|44 385 3)4594251474850)490143 
3480271364 335}5805 32|396614)412575142841014441 14145968 3147511 21490397 
396881/412840]42867 2144.4 3751459942/475368]490050 
34857 2|364377|3310701397148)/41 3104] 428935 |44463514602001475624|490904 
3438451355 148} 381 339]39741514133691429193|444896)460458) 4758801491557 
349117/305418]381608)/39768 2141 363.414294611445156)460716|476136)49T41I 
349390}365689)38 187 713979491413899142972.3|445417|40097 4|476392)491664 
349602) 365960} 3821 461398215 |414164}429986144 5677] 1612321476647|491917 
349935136623 1382415 /39848 2/414 429) 430249144 5937)461491/476903/492170 
3502071366503} 38 26831398749141 4693] 430511/446198/4617491477159/49 2424] 
350480} 36677 2138295 21399016)414958/430774|446458}4620071477414|492677 
35075 21307042138 3221139928 3141 5 22314 31036144671 8146226514776701492930 
3510251367 3131383490]3995491415487|431299144697914625 231477925 1493183 
3512971367584138 375813998 10/4 1575 2)4 315011447 23914627 801478181/493436 
3515691357854] 38 4027) 40008 214 16016]4313231447499}46 303814784 361493689 
35184213631 2513842951400349141628114320861447759]463296|478692/493942 
3521141368 395}384564) 40061614165 4514323481448019146355.414789471494195 
35.2386)368665| 3843 32140088214 £68 1014326101448 279|463812]479203/494448 
4011 49]417074]432873)4485 3914640601479453|494700 
3532031369476) 385638]401631/417603]433397/449059]464 5841479968) 495 206 

449319)/4648421480223/495459 
353747137001 713861 74]402214/418131]43392114495 791455 100]1480479|495 71% 
3540191370287)386443)4024801418 396143 4183/4498 391465 35714807 341495904 
354291137055 71386711140274714186601434445!450098/4656151480989|496217 
3545631370828! 386979] 40301 31418924|434707|45035814658721481244)496469 
3549351371093) 387247/403279|4191881434959|4 50618) 466129)481499/4967 22 
3551071371 308/387 516)403545/41945 21435 2311450878/466387 14817 541496974 
355379|37 16381387784) 403811141971 61435493145 1137|466644)4820091497 226 
3550511371908) 38805 2]4040781419980/4357551451397/406901|4822631497479) 


oe 


_— 


% 


TABLE XXVI.—NATURAL SINES. 

30° | 31° | 32°'| 33° | 34° | 35° | 36° | u.° | 38° | BYP 

§0000015 1503815 29919]544639|559193|5735761587785|601815 615661|629320 
50025 215152875 3016615 4488315 59434157381 51588021 /602047/615891/6295 46) . 
§00504/515537|53041 31545 127/5 59675157405 3]58825 6/602280,616120)629772 
5007 §6/51§786|5 30659154537 1]559910/574291)/58849 116025 12,6163.49/629998 
§01007|5 16035]5 30906154561 5)5 0015715745 29/5937 26|6027.44/6165 73/630224 
§0125915 16284|5 31152154585 8156039815 74767|588961|602976,616807/630450 
§01511]§ 1653315 31399}540102)5 6063915 75005|5§89196|6032.08/61 7036|630676 
§01762/5 1678215 316451546346) §60880]575 243/589431/603440/617205|630902 
§02014]§ 17031|5 318911546589|561122|5 75481/589666/603672)617494/631127| 52 
§02266)§17280|5 321 38)5468 33/561 361/575719/589901/603904/617722/631353] 51 
TO _[502517|517529]532384|547070)5 61602157595 7/5901 36/6041 30/61795 11631573 50 
IX |5§02769151777815 320301547 320150184315 76195|590371|604367/618 180/63 1804! 49 
12 50302015 1802715 3287615475 631502083) 5754 321590606|6045991618408|632029 48 
13 |§03271/§1827615331221547807|562324|5 70670)5 90840/604831|6186371632255| 47 
T4  [§03523/5185 2515 333031548050|5625 64/5 76908/591075|6050621618865/632480| 46 
X§ © |503774)518773/5 330151548293] 562805/577145|5913 10/605 2941619094/632705| 45 
6 |§0402§)/519022|5 3386115485 361563045/577383/591544/605 5 26/6193221032931) 44 
17 |504276/519271|5 34106|548780/563286)5776201591779|605 757161955 7/033156| «43 
18 5045 28/5195 1915 3435 2)549023) 5635 26|577858|59201 3/605 983/619779]633381, 2 
IQ |504779|5197081534598|549206|5 6370615 780g 51592248]606220|620007|63 3606) 41 
20 |§05030/5 200165 3484.4/5495091564007|5 78332159248 2/60645 11620235/633831] 40 
QI 150528115 20265/535090|54975 21504247|578570/592710/6060821620464/634056| 39 
2% 1§055 3215205 13/5. 35335/5499951564487|5 78807159295 1|606914/620692}634281| 38 
23 150578315 2076115 35581/550238150472715790441593185/607145|620)20}034506| 37 
24 1§06034]5 21010/5 35827155048 1156496715 792811593419|607376)621148/634-~31) 3 

25 |§06285)5 2125815 3607 215 50724) 505 2071579518)59365 3|607007|621 3761634955} 35 
20 15065 35]521506)5 36318) 5 50966|565447]/5797 551593887 |007838)621604/635180] 34 
27 |§06786)5.2175.415 36563155 1209]565687|5 7999215941 21/6080691621841/635405| 33 
28 |§07037152200215 36809]5 5 145, 2|5659271580229/594355|608300j622059/63562y} 32 
§07 288152225115 37054]55§ 1694156616615 80466}594589/608 5 31/622287/635854| 31 
§07538/522499]5 37300|5 5 4937/506406] 580703/§948231608761/6225151636078} 30 


§07789]5 2274715 37545/55 21801566646] 5809 40)§95057/608992/6227421636303| 29 
§08040]5 22995|5 37790155 24 2215668865 811761595 290/009223/622970|630527| 28 
508 29015 232.42|5 38035/55 266415671 25]58141 315955 24|609454/623197/630751 
§08 5.4 1]523490]5 3828115 5 2907/5607 365|5816501595758|609684/623.425/636976 
508791|5 23738]5 385 26]5 §31491567604|581886)5 9599 1/60991 5/62365 2/637 200 
50904115 23986)5 38771155 339215607844/5 821231590225 /610145|623880/637424 
37 |509292)5 2423415 39016]5 53634150808 3/58 235915964 58/610376/624107/637648 
38 |§095421§24481/5 3926115 5 38761568323/582596|5 9669216 10006/624 3341637872 
39 150979215 2472915 3950615 54118|568562/58283 215 9692516108 36/6245 61|638096 
§1004315 2497715 3975115 543601568801|5§83069|597159/611067|624789|/638320 


(040333 
640557 


\6272241640780 
6275 10}641903 
627737|641226 
627963/641450 
628 18y/ 641673 
6284161641896 


O+ PwWEU OH C 


629320,642788 
51° | 80° 


57° | 56° ' 55° | 54° | 33° | 52° 
Natural Co-sines. 


z 


| 409 404 || 399 394 39° | 385 380 374 


413 


wr 


TABLE XXVIL—NATURAE SINBS. "165. | 


mM | 40° | 41° | 42° | 43° | 44° | 45° | 46° | 47° | 48° | 49°] 
~ 0 [642788]656059]6691311681998|694658|707 107|7193401731354|7431451754710| 60 


643010/656279|669347 168224 1|694868)707 312171954217 315521743339|754900| 59 
64323 3|056498)/669563)082424|/69507 717075 181719744173175017435341755091| 58 
64345 6|65671 7/6097 79)682636)6y5 286/707 723/719946|731949|743728]755282| 57 
643679/656937|669995 |682849 1695495 |7079291720148|732147|7439231755472| 56 
643901/657156|67021 1|683061|695704|703134]7 2034917 3234517441171755003) 55 
644124]657375|670427 1683274169591 3/708340/7 205 51173254317443121755853| 54 
644346165 7594|670642/683486/696122/70854 5172075 31732741|744506|756044| 53 
644569|657814|67085 8/63 3698/6963 30/7087 50/7 2095417 329391744700|750234| 52 
644791|658033|671074/683911|6965 3970895 6/7 211561733137]7448941750425| 51 
10 645013165825 2/671289]/634123|696748/70916117 2135717 33334/74508817 56615 


| Fe | ee | | ONT 


II |645236|6584711671505]684335|09695 7|709366|7 2155917335 32174528217 50805 
12 1645458]658689]6717211034547/697165|709571|7 2176017 337 301745476175 0995 
13 |645680|658908/67 193616847 59/697374/70977617 21962173392717450701757185| 47 
14 |645902/659127/672151/684971|697582/70998 1/7 22163173412517458641757375| 46 
15 |646124]659346/672367|685 183/697 790/710185|7 22364]7 343231746057|757505| 45 
16 |646346)/659565167 25821085 395|697999)7 10390|7 2256517345 20/74625117577551 44 
17 |6465681659783|07 2797 [685 607 [698 207|710595|7 22766}7 34717|7464451757945| 43 
18 |646790|660002|67 301 3/685818/69841 5|710799|7 2296717 3491 5|7460381758134| 42 
Ig |647012|660220167 3228}686030/698623}7 1 1004|7 23168}7 351121746832/758324] 41 


SO CONT Air BW Wb sO 


a 


| | cr [me — |——_ 


22 |647677|66087 5167 337 3|686665|699248)7 11617 |7 237711735 703174741 21758893] 38 
23 |647898)6610941674088}686876)69945 5)711822|7 23971|7359001747605|759082| 37 
24 1648120166131 2}674302|687088]699663)171 2026/7 2417 217 360097|7477981759271| 36 
2§ 164834116615 3016745171687 299/69487 117 1 2230/7 2437 217302941747991|759461| 35 
26 |648563/661 74816747 32/6875 10|700079|712434|7 245 73|736491\748184|759650| 34 
27 16487841661 966)674947}6877 21|700287}7 12639172477 3)7360871748377|759339| 33 
28 |649006)/662184)67 5 16116879321700494)71 28431724974] 7 3088417485 701760028] 32 
29 |649227:662402]675 376/688144|700702]7 1 3047/7 25174]737081|7487631760217| 31 
30 |649448)662620)67 5 590)68835 51700909/71 325017 25374|737277)748956|760406! , 30 


{ 


nf | of FL  _ ee 


31 |6496691662838}67 5805 |688566|7011 17171345417 25575|737474|749148|700595| 29 
32 |6498901663056/676019/688776|701 32417 1 365817 25775173707017493.411700784) 28 
33 1650111166327 3167623 316889871701 533171386217 2597 5173780717495 34|700972| 2 
34 16503321663491}676448)689198}701 7 39]714066)7 2017517 380631749726)761:61| 26 
35 [65055 31663709]67 66621689 409/701946]714269)7 2037 5|7382591749919|761350, 25 
36 = 16507741663926]6768761689620]7021 5 3171447317 26575173845 517501111701538| 24 
37, , $6599951964144167 709016898 30)70236017 1467617 2677 5|7 3805 117503031761727} 23 
38  165.121616643611677 3041690041 170256717 14880/7 2697417 3884817504961761915} 22 
39  1051437}564579}0775 18169025 1170277417 1508 3172717417 3904317500881762104| 21 
40 165165 7166479616777321690462|702981|7 15 286]7 2737417 3923917503801762292] 20 
4X }651878]66501 31677946}69067 2)70318817 1 §490|7 2757317 394351751072/7024801 19 
42. |65,2098}665 2301678 160]69088 2/703 39517 15693]7 2777 31739031175 1204|762668} 18 
43 16523191665448)67837 31691093! 703601 |715896|7 2797 2|7 39827175 1456|762856) 17 
44 }65253916656651078587/691303/703808)7 16099|7 2817 21740023175 16481763044} 16 
45 |652760]6658821678801|691 5 13]704015|716302/728371]74021817 § 18401763232] 15 
46 1652180}666099|67901 41691 723170422 11716505 |7 285701740414)" 5 2032}763420! 14 
47 6532001666316 
48 165342116665 32 
49 165364116667 49 
50 |653861|666966 


§1 |654081)667183 


6792281691933|70442817 16708)728769/740609]7 5 2223}763608} 12 
679441}69214 31704634)7 16911|728969|7408051752415|763796] 12 
67965 5|692353/704841|7171131729168/74100017 5 26061763984) 11 
679868}692563)7050471717316/729367/7411951752798]764171| 10 


—_————$—_— | | | ff | if ee | ee | ee 


+ |) 


68008 1/6927 73/705 25 3]717519}729506)741 39117 52989|704359 


68029§|69293317054591717721/729765|741596|753181/7045.47 


§3 $654521)667616/680508!693192)705665/717924|7 29963) 74178117 § 33721764734 


9 
§2 |654301|667399 8 

7 

| 54 |654741|667833/680721/693402!705872/718126)730162/741976|7535631764927| 6 
5§ |654961/668049|/680934|693611}706078}7 18329 /730301|7421711753755|705109) 5 
56 1655180)668265/681147|69 3821 |70628.417 185 31/7 30500\742366175 3946)705296, 4 
57 1655400,6684821681 360/694030|706489|7187 3317 30758/742561|7541371765483| 3 
58 |655620/668698)681573/694249\706695|718936)730957|742755)754328|765670) 2 
731155|74295017545191765857 I 

731354:743145\754710|766044) 0 


i 
43° | 42° | 41° | 40° | m | 


59 |655839/668914|681786}694449)7069011719138 
60 }656059)66913 11681998}6946581707107)719340 


-——————— | —_—____. | | jf ——— | SO 


M { 49°-| 48° | 47° | 46° | 45° | 44° 


Natural Co-sines. 


7¢ ia #) 
Ul i 


3. 


TABLE XXVI.- NATURAL SINES 


56° | 57° | 58° | 59 M 
829038183867 11848048/857167 60 
829200/838829/848202/857317] 59 
829363/838987/848356|/857467| 58 


52°°| 53° | .54°'| 55° 
76604 4/7771 46)7880111798636)S0901 7/8 19152 
766231/777329|/788190;79881 1/809188)3819319 
766418)777512)7883091798985|809359/819486 
766605|777695'7885481799160)8095 30|/81965 2/8295 25/839146/8485101857016] 57 
7667921777878) 7887 27|799335|809700)8 198 1g 829 688/8 39304|/848664/857766) 56 
766979!778060|783905 17995 10|80987 1181 9985182985018 39462/8488 18/857915] 55 
767165|778243}7 89084179958 5 [8 1004 2/3 201 5 2183001 218 39620/84897 21858065] 54 
767 35217 78426)789 263179935918 1021 215203 18/8301 74/839778/849125/858214| 53 
76753817 78608/78944 1180003418 1038 3/82048 518303 37/839930/849279|/858364| 52 
7677 25|778791|7896201800208)8 1055 318 2065 113 30499}840094|849433|858513] 51 
767912177897 31789798|80038 3/8107 23/8 2081 718 30661/84025 1/849580)858662! 50 


768097177915 6)78997 718005 57/8 10894}82098 3/8 3082.3/840409/8497 39/858811| 49 
7682841779338/7901 § §}9007 31/8 110648211 49|830984)840567/849893|858960] 48 
768470|779520|790333|800906)81 1234/8213 15|831146/840724|850046|859109] 47 
76865 6/779702|7905 11|801080)81 1404/8 21 481/831 308|84088 2)8501991859258] 46 
76884 2177988417900g0|801 25 418115 74]823647 |831470|841039185035 2/359406| 45 
769028/780067|790868/8014 28/811 744/321 81 3/83163118411961850505|859555| 44 
76921.4/780249/701046|801602/811914/821978|8317931841354/850058|859704| 43 
769400)7804 30179 1224/8017 76|812084/822144|831954/841511/850811/859852| 42 
769585178061 21791401|801949/81225 31822310/832115|841668|850964|86000r| 41 
76977117807941791579|80212318124231322475/832277/8418251851117/850149] 40 
7699571780976|791757|/802297|/31 2592182264118 324 38/841982)8512691860297| 3 

770142\781157|791935|802470)81 2762/822806/832599|8421 39/85 1422/860446| 3 

770328/781339|792112/802644|81 29 31/822971|832760/8422961851575|860594] 37 
7705 13/7815 20}792290|802817/81 3101/8 231 36/8329 21/842452/851727/860742| 36 
770699|7817021792467)802991/8 1 3270/8 23 302)3 3 308 2184 2009]851879)860890} 35 
770884178188 317920441803 164]81 3430/8 2346718 33243184.2766]85 2032/861038| 34 
771069178 206517928 22/803 337131 3608132363218 3 3404/842922/852184/861186| 33 
771254|782246}792999/8035 11/81 3773)823797|333565|843079/852336/861334] 32 
771440}782427|/793170/803684/813947/823961/8 337 251843235/852488/861481) 31 
771625|782608179335 3/80385 7/814 11 6/8241 26183 3886/843 391/85 2640861629] 30 


i | ns | ff ft Of SS SS TF 


771810]732789]7935 30]804030)81.4.284|8 24 29118 24046/84 3548/85 27921861777] 29 
77199517829701793707|80420318 1445 3/824456|83420718437041852944/8619g24] 28 
772170178315 1179 3884|804376)81 462.218 246201834 367/84 3860)85 3096/862072] 27 
772264178 33321794061 |804 5.4818 14791|8247851834527)844016185 3248|862219] 26 
77284017835 13179423813947 21|/814959/824949/834688/84417 2185 3399/862366] 25 
72.73.4178 3693179441 5|8048941815 1281825 1 13|834848]844 328185 3551/862514| 24 
772.918)78 3374179 1591|805066]85 5 2961825 27618 350081844.484|853702/3862661| 23 
773103178405 517947 68/805 239/81 5.4651/82544 213 35 1681844640185 3854)862808) 22 
7732871784235179494.41805 411181563 31825606) 


8 353281844795|854005/852955] 21 
77347 2178441617951 21/805 58.4/81§801/525 7 70/8 35488184495 118541 50/803 102 20 
773656 


502 | 51° 


eee | | 


= 


OO ONI AN PE DP HO 


7845961795 297 |805756)315969/825934/335648/845106/854308/863249) 19 
77384017847 76179547 3;803928)8£6133)8 2609 3 |8 35807 |845 262/85445y/863396| 18 
774024178495 717950501800100|316306}8 26262|8 35967/84541 7185 4610/863542] 17 
7742091785 1371795826)80627 2/31647 4/8264 26/8 361271845 5731854761/863689| 16 
7743931785 317|796002|80644 5/8 1664 2/8265 90/8 362861845 728/85491 21863836) 15 
7745771785497 1796178)/80661% 181680918 2.675 318 36446184588 31855063)863982) 14 
774763178567717G635 4/80678813169771% 2691 7/8 36605 |8460381855214|864128] 13. 
7749441785 35717965 30|80696018 1714518 270818 36764184619 3185 5304/864275| 12 
77§128/7860371796706|807 1 32181731 3182724418 369241846348/855515;904421| I 
97531 21786217/79688 2/807 304|817480}827 407/337083/846503185 56651864567] Io 


SI |77$496|7863961797057|807475181 7648/8275 7 1|2372421/84665 8/85 5816186471 3) 
52 |775679|786576)797 233/807647|81 7815/8277 341837 401/84681 3185 §966|864860 
53. 177§863)7867561797 408 807818181798 2]8278971837560|846967/85 61171865006 
54 -|776046)786935/797584 ; | 

5§ |776230)787114|797759|808167/31831 7182822318 37878 847 277/85 041 7/865 297 
36 7764151787 2941797935|8083.33/8 1848.4)8 28.386] 380 36|847431/856567|865443 
87 1776596178747317981 10/8085 04/81 865 1/3 28: 49/8 38195/847585)856718/865589 
58 7767801727653|79828 5180867 5181887818287 12183835 118477 401856868|8657 34 
59 |776963|7878321798460:808846/818985/8 2887518 385 12/847894,85 701 7/865880 
60 177714617880r1|798636 809077:81915 218 29038)838671/848048/857167 866025 


‘ 
re | ee | SSS SS 


M | 39° 


8097.990|31815018 28060]% 37714/847122/856267;805151 


OK DWH PX DI COO 


> 


SOP). 


—_———— ee le ef ef 


39° io er 


< 


a 


Natural Co-sines. 


- 309 | 202 | 295 | 288 | 282 | 275 | 468 | 260 253 | 246 


TABLE XXVI.—NATURAL SINES. 8ST] 
62° | 68°.! 64° | 65° 66° | 67° | 68° | 699° |} mw 

. 898794|906308191.354519205051927184)933580 60 
866171'8747611883084|/891139/898922,90643 1/91 3664192060181927 2931933085! 59 
8663 16874902/833221/891270/899049,9065 541913782 9207 32,927402 933789! 58 
866461 87 5042]883357|891402]893 1 76)90667 6191 3900 |9208.46)9275 101933893] 57 
866607 875 183}883493]891534|899304|9067991914018)92095919276191933997| 56 
866752 875324/883629(89 1666/8994 31 |G06922 914136921072 9277281934101] §5 
866897|875465|383766)891798|8995 58,907044|914254,92118519278361934204| 54 
867042/875 605 /8839021891929|89968 5/907 1 66/914372/92129919279451934308) 53 
867187/875746/884038)/892061 |89981 2)y07 289/91 4.490/92141 2192805 31934412 
867331)875886/8341 7418921 92|899939 934515 


914607|921525j928101 
10 867476 876026|884309)89 2323 900065 997533 9147 251921638}28270|9 34619 


Gh its | aU a Pa Ti RARE | a ON RL AA) (PE DN LE RAC ea MS 8 ARES OE a AN 
IL |867621/876167/884445/89245 5|900192190765 519148421921 75019283781934722| 4 


60° | 61° 


$66025'874620/8829481891007 


= 


— 


O OI DArBWNHO 


914960\921863'928486/934326| 4 


15 868199|876727 884988/89297g9|9000981903143/9T 5 311]922201/9288101935135| 45 
16 [868343 


876867|885 123/893110/9008251908265/91 §429|9223131928917193§238) 44 
17 1868487 


8770061885 258}893241|90095 1/908 387|9155451922420)929025/935341| 43 
18 |868632/877146)885 394|89337 1|90107 7|408508]9J 566319225 38/929133/935444| 42 
1g |8687761877286/885 5 29|89 35021901 203/9086301915779|92265019292401935547| 41 
20 |868920|877425/885 664/89 36331901 32919087 5 11915 396)42276219293481935050] 40 
AX {86406487 7565/835799)/893763)90145 5190887 2/91 6013/922874192945 51935752] 39 
2% |869207/877704/885934139 3894/1901 §81|908994|916130]922986/9295621935355] 38 
23 |869351|877844|380069/894024)901 707/909 115 |916246]923098/92966y)935957) 37 
9163631923210\929776193600c} 36 
916479192332219298841936162] 35 
91659519234341924990/936264| 34 
27 |869926)878400]886608)894 545 |902209]909599)91671219235451930097/930366) 33 
28 |87006918785 391886742|894675 1902335 9097 20(916828 9230571930204]930468] 32 ° 
29 |8702.12|878678)/886876)/894805|902460|9098 41 /91694.41923708193031 11936570] 31 
30 |870356/878817183701 1]894934|902585,909961 91 7060]923880}9 30418)9 366721 30 
31 |870499)878956)887 145|895064}9027 10/91008219171 7619239911935 24/930774| 29 
32 |8706421879095|8872791895 19419028 36/9 102021917 292192410249 30031/936876]- 28 
© 33 $870785)879233]887413/895 323:902961/9 10323191 7408192421 31930737/936977| 27 
34 |870928)/879372)887 5.48/59545 31993086)910443)917 5 23/92432419308431937079] 26 
35 [871071)8795; 018876811395 582)9032101910563)917039192443519309501937181| 25 
36 [871214]87964y18878151/895712)90333519100841917755|924546)931050/937282| 24 
37 18713571879787|887949|8958411903460|910804 91787019 2465 719 311521937383} 23 
38. (8714991879925188808 3189597019035851910924|91 7986/9 247681931 2681937485) 22 
39 |871642/8800631888 41 7)8960991903709191 1044/918101]92487819313741937590] 23 
40 1871784]880201/888 35x %96229/9038341911164/918216])2498919314801937587| 20 
41 1871927}8803391888484/895358190395819112841918331/925099|931586/937783} 19 
42 {872069)880477)888617/396486/90408 3191 1403}918446/925 210}931691/937889| 18 
43 |872212!880615 
44 18723541880753 


24 {86949587798 3}886204)/8941 54/9018 331909236 
25 |869639|878122)886338/394 284/901958)909357 
26 1869782|878261]886473|894415|902084]909478 


-—5———- | — ————_— |) |) | eee | |) SOO Oe ¥ 


59 |87447998828111890874}898666/906185|91 34.27:920391/92707$19 334761939593) 
891007|898794|90630819135451920505,927184193 35801939093 


23° | 22° | @1° | 20° 


-~ 


100" 239 | 231 | 224 | 216 | 209 201 : 93 | 185 | .178 . 170 


168 TABLE XNVI.—NATURAL SINES. 


m | 70° | 71° | 72° | 73° | 74° | 74° | 76° | 77° 


198° | 79° | u 


rr | 


9395931945519,951057)956305|961262/965926}970296/974370978148)981627) 60 
939792/94561 3|951140|9503901461342}9660011970366]974335|978208 981683 59 |. 
9398911945708951236,95647 5196142296607 6|970436/974501/978268)981 738) 58 * 
978329)981793 57 
981849] 56 
g8tg04] 55 


fo) 
1 

2 

3 1939991/945802 9313261956560 gO1502/96615 1197050619745 66 
4  |940090/945897 95141595 6044}951582\96622619705771974631/978389 
5 940189 '945991|951505)956729|961062/96630119706471974696 978449 
7 

3 

4 


940288 |9 46085 951594 /956814]9617411966376|970716/974761 978509)981959] 54 


9403379461 80/95 1084 95689819618 21196645 11970785/974826.978569\982014| §3 


940486,946274/951773/9569831901901/9665 26/970856/9748g91/978629982069] 52 
9405851946368)951862.95 7067/96 1980| 96660019709 26 9749591978689 982123] §1 
IO |940684/946462/95195 £95715 11962059|96667 51970995197 5020 978748/9821 78) §0 
TI |9407821946555|952040.957235|902139|966749|97 1065|975085,978808)982233 
12 |940881/946049|95 2129'957319|962218|9668 2319711 341975149|9788671982287 


13 |940979)946743|95 2218/95 7404|962297|966893197 12041975 214/978927|982342) 47 
4 941078|9468371952307|957487|962376|96697 21971273197 5278|978980|982396 46 


15 |941176/946930/9523961957571|96245 519670461971 3421975 342)9790451982450| 45 
16 |941274/947024/95 2484/95 765 519625 34/9671 201971411/975406)9791051982505| 44 
17 }941372|947117/952573)957739|90201 3/967 1941971480197 5471/9791641982559) 43 
18 {941471 OAg AEGIS 2001957932 9626921967 2683/9715 49197553519792231982013| 42 
Tg |94154919473041952759}957906196 27791967 342197 16181975 5981979282)982667| 41 
22 1941666/047397)95 2838/95 79901902849] 96741 5197 16871975662)979341/982721) 40 
2X |941 7641947490195 2926195807 319629 28/9674891971755197572019793991982774| 39 
9583 §6/963006|967562/97182419757901979458|982828) 38 
953103/95823919630841967036197189319758531979517;982882| 37 
953497)95832.319631631967 709197196119759471979575/982935 36 
2§ 1942155194786 1195 3279}958400196 32.4 1/967782197 2030197 598019790341932989| 35 
26 1942.25 2)9479541953306/9584891953319196785 6197 2098197 604 41979592/983042| 34 
a 942350|948046/95345.4/95857 2196339719679 29/97 2166197610719797 501983096) 33 
28 1942447 


2% 1941862/947583/95 3015 
23 |941960)947676 
24 |942057|947768 


9:43139/953542195865 4196347 51968002197 223419761 701979809/983149] 32 
29 194254494823 1195362919587 37/9635 53|968075|972302|9762331979867|933202| 31 
32 19426411948 324/95 37171958820|9636 301968148197 2370:97629619799251983255] 30 
9427391948416195 3804/95 89021963708|968 220197 243819763591979983/983308] 29 
9428 36/948 508195 3892/9 58985 |963 7361968293197 250619 7642219800411933361| 28 
942932)948600/95 3979/959967|G638631968 366197 257 3197648 51980098/983414] 27 
34 1943029|94869 2195406619591 50196394 11968438197 2041 976547 9$0156/983466] 26 
35 1943120/94878.419541531959232/96401819685 11197 2708|976610198921419835 19] 25 
36 943223}948870/9542401959314} 964095196858 3197 27 76|97067 2198027 11983571 24 
37 |94331919489681954327 
38 |9434161949059 
39 19435421949151 
40 |943609/949243 
41 19437951949334/95467 419597 24|96448 119689441973112197698419805 58/983833] 19 
42 |943801/94942519547611959805|964557 969016]9731791977046/98061 5 933885] 18 
43 1943897/9495171954847/959887196463.41969083 9732461977 £08|98067 21983937] 17 
44 1943993|949608)9549341959968|9647 111969159197 3313|977169|/9807 281983989) 16 
45 |944089|949699/95 5020|960050}9647871969231197 3379/97 7231/980785|984041) 15 
46 94419519497 901955106/9C013119048641909302197 3440197 7293/080842)984092 14 
984144] 13 


959396|96417 31968656197 234 319707 35|980329/983624| 23 
954414}959478|96425019687 28]97 291 11976797|980386|98 3676} 22 
954501 |959569|9643271968800197 297 8/976859|98044 31983729] 21 
954588195 964219644041968872197 3045|9769211980500|983781| 20 


47 19442811949881195 § 192\96021219649401969374197 3512197 7354|980899 
48 1944376194997 21955 278)9602194|965016/96944519735791977410/980955|984190| 12 
49 194447219§0063'95536419603751g650y 2|969517197 36451977477/9810121984247| I 
52 |944568/95025.4/95 54501960456/965 169|96958319737121977539,981008/984298] 10 
51 944663|9502441955536\9608 37|96524519696591973778|97 7600 9811 24/984.450 
$4 |944758/950335]955022|960613|965 321/997 3019738441977661 98118 1/984401 
53 9448541950425 1955707 960698965 397|969801|97391019777 2298123793445? 
955793|9697 79196547 3196987 2/9739761977783 931 293|984503 
S$ |945044)950606195 5879|960360}965 548)96994.3197 40421977844 9813491984554 
$6 1945139/950696)95 5964|960940|965362.41970014|974108|977905 981405|984605 
57 |9452341950786\956049|9610211965700!970084|97 417 3|/9779660, 9814601984656 
$8 19453291950877|9561 34/961 101 96577519701§51974239|978026 981516\984707 
59 |945424|950967\956220 
945519}95 10571956305 


M 19° | 18° 


54 |944949/9505 16 


g61 1811965850 
9612621965926 


_—-—— 


Os PWN OM CO 


9702251974305|978087 6815721984757 
978148 98162 984808 


970296/974370 
16° | 15° | 14° 1 13° 
Natural Co-sines. 


17° 12°49 94? 2 eee 


154 | 146 | 138 130 | 121 


+ &¢ 


TABLE XXVI.-«8 ATURAL SINES. 


88° 


a 81° | 82° | BB? { 84° | 85° | B6° | 87° 

984808 98 7688990268 992546 904529 996195 1997504l99BSacbb9NAgT 999848 

984858 987734|990309'99258219945 5219962201997 584/9986451999401| 994853 
984999) 937779|999349/992617/994583,996245 1997604 .9980601999411} 999858 
984959/987824)990389 99265 2/9941 3|9962701997625 998675999421) 949803 
y8 5009 ,987870)99042g 992687199464 3996295 1997645 9986901999431} 999867 
985059198791 5199046919927 22/99467 319963201997 0641998705 1999441] 999872 
985 109'987960/999509'992757/994793/9993451997584 9987 191999450} 999877 
1985 159]988005|990549/992792/994733|9963701997 704)9987 341999400 999881 
985 209/488050/99058g'992827|99479219G6395 19977 24,998749|999409| 999386 
9852591988094|990629/99 286 2/994792/996419'997743'998763/999479] 999890 

985 3091988 1 39}990069 99 2896/9948 22!9964441997763/998778)999483) 999894 

985 358/983184/999708|992931199485 11996468/997782'998792/999497| 999898 
985.408/988228/9907481992966/99488 1/9964931997801/998806)999507} 999903 
985457198827 31990787 /993000]994910/9965 171997821/998820/999516) 999907 
985 507|988317|990827/9939341994939/9965411997840 9988341999525] 999910 
9855 56|988362}990866/493068) 994969 /996566/997859)998848/999534| 999914 
985 605|988406)990905/993103'994993/9965891997878 998862999542] 999918 
985654198845 019909441993137|995027/9966141997897,998876'999551| 999922 
85703|988494|990983/993171/995056}996637/997916 9988901999560} 999925 
98575219885 3819910221993 205|995084/996661/997934,9989941999568) 999929 
G85801|988 582/991061/993238/995 113/996685/997953:998917/999577| 999932 


M 


ey Siig ak 


9858501988626/991 100 


993272/995142 


985899|9386691991138 
985947|988713/991177 


993300/995170 
993339/995199 


9967091997972 
9967321997990 
996756/998008 


999585 
999594 
999602 


998931 
998944 
998957 


999936 
999939 
999942 


999610 


9967791998027|998971 
499618 


985996198875 61991 216/993373/995227 
996802/998045|998984 


986045|988800 91254)9934001995250 
986093)98884 31991 2921993439199 5 2 41990825/998083/998997/999026 
98614 19888861991 331199347 31995 31 2/996848) 99808 1/999010/999634 
986189/9389 301991 369/9935061995 340199687 2|9980291999023/999642| 999957 
29 [986238198897 3199140719935 391995 368|996894/9981 17/9990351999950] 999959 
30 _|986286)989016/991445199357 2/995 3961996917/998135/999048)999657) 999962 


31 986334/9890591991483/993005 1495.42.4)996940/998 I 5 3/999061/999065 999964] 2 
32 |986381198g102}991 § 211993638199545 21996963)998170\9990731999672| 999967} 2 
999086)999680} 999969 


33 |986429/9891451991558|993670/99547g1996985|998188 


999945 
999948 
999951 
999954 


34 
35 
36 
37 


986477|989187)/991596 
9865 25/989230\991634 
986572198y272\991671 
986620/9893151991709 


993793 
993735 
993768 
993800 


995507|997008}998205 
995535|9970301998223 
995562199705 31998240 
995589|997075|998257 


999098999687 
jg99tt11999694 
999123/999701 
999135/999709 


999971 
999974 
999976 
999978 


38 


39 
40 


41 


9 66671980357/9917401993831995017997097]908274)999147 199076 999980 
9867 14}989399199178319938051995 6441997 119}998291 9991591999722) 999981 
986762)989442)991820/993897/99567 11997 141/998 308'999171/999729| 999983 
986809/9894841991857/9939291995 0981997 163)998325 9991831999736] 999985] 1 

98685619895 2619918941993961)/9957251997 185/998342/9991941999743] 999986] 1 
98690319895 681991931/993993'99575 2/997 2071998359\999206/999749| 999988 
986950/9896101991968/994025/995778|997229199837519992181999750| 999989 
986996198965 11992005 }99405 6/99 58051997 250/998 392/9992291999762] 999990 
987043198969 3199 20421994088,59 58321997 27 21998408'999 240999768} 999992 
987090}9897 35/99207819941 2019958581997 2931998425 199925 21999775] 999993 
987 136|989776/992115)/99415 11995884|/9973141998441/9992631999781| 999994 
9871831989818)9923 § 11994182/99591119973361998487199927419997871 999995 
987229/9898591992187/9942141995937/997 357199847 31999285 1999793}_999999 


98727 5|9899C0|992224199424 519959631997 27319984891999296|999799] 999997 
9873221989942/9922601994276/9959891997399/998505/999307|999804) 999997 
987 368/98998 3/992296}994397/99 601 5199742014935 21199931 8/999810} 999998 
987414/9900241992332|994338|996041|9974411998537|999328|999816) 999998 
987460/999065|992368/994369/996067|997462)9985 5 2/999339/999821| 999999 
987506/990105|/992404|994400/99609 31997 482/998 5 8'999350/999827| 999999 
98755179901 46/9924 3919944301996 118]997 50319985831999360/999832| 1000000 
987597|999187|992475/994461199614419975231998599|999370,999837|1 000000 
987643/99022819925111994491/996169)947544/99861419993811999843|100C000 
987688)990268)99 2546/9945 2219961951997 §64}9986301999391}999848| 1000000 


Ge) 


O Da RU HAI OO 


x 


Natural Co-sines. 


Diff. tog, | 72 62 | 55 47 | 38 | 30 | 21 | 13 4 


100" 


170 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME, 


TABLE XXVII. 


HALF ELAPSED TIME. 


— 


0 Hour. 
M os 53 Tos | 155 | 208 | 255 | 30% | 358 | gos | 455 | 508 | 555 | Pro. pts. 
QO. 43930113833|96224)83730,74039|661 21|59427|5 3628) 485 12/43937139797 
I |2.36018)32542/293 24263 28/235 25|20892|18410)16061|13834/11715|09695|07764 
2| 05916/04143|02440/00801|99221 197697 |96225|94801|93422192086\90790|89531 
3 |1.88307|87118)/85959/84831/9 3732/8 2660/8 1 61 3180591/79593178617| 77663176729 
4 | 75815|74919|74042|7 318217 2339]7 15 12|70700)69903)691 21/6835 2/67597/6635 5 
§ | 66125/65407/64701/64006163322/62649/61986)61 333) 606go|60056|59431/58815 ! 
6 3820815760415 7019|56430(55361|5529../54733154180) 5363415 3094152501/52035 | 
7 | .§1515}5100T|50494) 49992149496) 44005 |485 20]48040) 47 566/47096|46632/46173 
8 | 45718145 268)44823/4438 214 3946/435 14143086)42663/42243141828/41417/41009 
9 | 40605}49205/39809/ 39416) 39027 | 3864 1138258137879) 37 504/37 131/26762/36395 
IO |1.36032)/35672)/35315)34960]34604/3426013 391513357 2/33231/32893|32558)32226) s 300 | 
11 | 31896/3150813124 3130921 30600|3028 2|29967/2965 3}29342/29034|28727/28422| I] 60 
12 | 28120/27820)27522)27225|26931|26639/26349|26061|25774}25490/25207/24926| 2/120 
13 | 24647/24370!24095/23821/23549]23279|23010\22743|22478/22214/21952/21691) 3 180 
14 | 21433]/21175|2091g/20665| 2041 2)20160|1g9 101 9662/19415/1916g/18g925|18682) 4) 240 
1§ | 18440]18200)17961/17723}17487/17 25 2|17018|16786|165 54/16324;16c96)15868) s 210 
16 | 15642/15416|/15192/14969114748/14527|14307}1 4089] 1387211 3056/1 3440/13226| T| 42 
17 | 13013|12801/125o|12380|12172|11964/11757|11§51/11346)11142/1093g|10747| 21 84 
18 | 105 36|10236]10136,0993810974 11095 44109348|091 §4|08960108767108574:08383! 3| 126 
19 | 08193|58003/07814|07626|07439/0725 310706710688 3106699/06515(06333/06151} 4] 168 
20 |1.05970105790|0561 1/05 432/05 25.4/05077104901 1047251045 §0104376|04202/04029} s 162 
21 | 03857/03686123515|03345 03175 1030061028 3810267 1102504|0233%102172}02007) I | 32 
22. | 01843]0167g|0T5 16/01 35 4101 192/0T030|008 70/007 10|005 50/00392|002 3 3}00076] 21 65 
23 |9-99918]99762|99606/9945 11992961991 41/98938|9883.4/98682198 5 30/98378|98227| 3] 97 
24 | 98077197927|97777|97628}97480)9 7332/97 184)97038|9689 196745 19660096455} 41130 
25 | 96310|96167/96023'95880/95738)95596)95454:9531 319517219563 2194892/94753) $ 132 
26 | 94614/94470/9.4338/94 20019 4063/93927193791/9365 5193519193385 93250193116] 1] 26 
27 | 92982/92849/92716}925 8419245 2/92320192189/9205 9/91928/91798)91669191539] 21 53 
28 Ql4I1/91 2829115 4|91027/90899|9077 2 90646)905 20!190394/90268\90143/900I19] 3| 79 
29 | 89894'8y771/89647/89524|89401/8)278/89156189034/889 1 3/88792/8867 1/885 50} 4| 106 
30 10.884 30/88 3112/8819 1/8807 2/8795 3187835 18771 7/87599187481187 364/87 247/87131| s IIT 
3I | 87015|868g99/86783/86668)365 5 3/864 38186324/862T0 86096185983 85870185757} I | 22 
32 | 856451855 3218542085 309/85 197/85086)8.4976)8 4865/8475 51840451845 3584420] 2] 44 
33 | 84317|84208/84 10018 3992/8 3884/8 3776|8 3669/8 3501/8345 5|83348 83242183136] 3] 67 
34 | 83030/82924|82819|/827 14}82609|8 2505 /82401/8 2297/8219 3/82089/8 1986/81883) 4] 89 
3 81780|81678/81576|81474/81372|81271/81169|8106%!80968|80867|80767/80667| s 96 
36 | 80567|804%7|80368)/80269)80 1708007 117997 3|7987 51797 77|79679|79581/79484 i I 
37 | 79387|79299|79193/79097|79001|78905 |78809|78714\78618)785 23/784 2878334] 21 3 
38 | 78239)78145/7805 117795 77786317 777017767 7177584/77491/77393|77300\77214| 3| $7 
39 |_77122|7703C|76938}7 684717675617 6665 |76574|76433)70393/76303/76213)701231 41 77 
49 10.76033/7594475854175795175076175 58817549917 5411/7 §323)75235175147|75059) s 85 
4¥ | -74972/74885)74798)74711|74624)74537|7445 1174 365\74279|74193|74108)74022| I] 17 
42 | 739377385 2173797\7 368217 3597|73513|73429|7 3345172 201/73177|73093|7 2010) 21 34 
43] 72927172843172761|72678)7 259517251317 243017 2348/7 2266/72185|72103/72021] 3] 51 
44. | 71940\71859|71778171697|7 1616/71 53617145 6171375}71295|71215|71136|71056| 4| 68 
45 | 72976}70897|70818 707 39}70660)70581/70503}70424)70346}70268/70 go)7013 2} s 75 
49 | 70035,69957}69880169802/697 251690486957 1169495|694 18/6934 2\69265|6918g] 1 15 : 
47 | 69113]69038}68962168886/688 111687 35 |68660/68585/685 10/684 36/68361/68287| 2] 30 
48 | 68212/68138/68064}67990/6791616784 2167769167695167622|67549167476|67 403 3] 45 
49 | -67330/67257 67185/67 112}67040}66968 166896668 24/667 5 2/6668 1 |}66609/665 38] 4} 60 | 
50 c -66466:66395|66474 66253166182 6611 216604116597 1165900/65830/65760/65690| s 68 { 
SE | 65620)6555116548 116541116534 2/6527 3165 204/651 35}6506616.4997 6492864860 a 14 
§2 §  64791)64723\6465 5154587645 1916445 1164383164315 164248)64180/64113)64046| 2) 27 | 9) 
§3 | 347910291 2163845/63778/63711163645 |635 781635 12/6344 5|63379/63313163247| 3[ 42) F 
54 63182163116}63050 62985'62919}6285 4/62789|627 24/6 2659|62594162529|62464| 4] 54 ' 
$5 | §2400:62335|6227 11622071621 42}62078162014161950/61887/61823161759|61696| 5 62 j 
§6 | 61633/61569/61§06161 44 3/61 380161 317161 254/61 19 2/611 29}61066, 6100460942) I 12} f 
5 60879160817 |607 55/6069 3|60632 Pes OLOSOR 60447|60385|60324|60262\60201) 2] 25 | | 
§8 | 60140,60079}60018|59957/59897|59836/59775|59715159555|59594/59534/59474| ; . 
59 |__§9414'§9354/59294|59234159175|59115|59050:58996 8937158878|58818158759 | 
7 


TABLE XXVII. 


HALF ELAPSED TIME. 
i Hour. 


M os 55 Ios 15:2 20 5 258 308 355 4os 455 
© 10.5§8700158642'58583'58524/58465) 58407 1583.48) 58 290158 23215817 315811 5|58057 
I | 57999|57941'57884|57826|5776%| 5771115 7053157599575 39]57481|5 7424/5 7367 
2} §7310157253'57196/57140|§ 7083/5 7026/5097C/5 691415 6857|56801|56745]5 6689 
3.| 50633156577 50521/56465/50409)56354/56298) 5624315618 7|56132|5607 7/5 6021 
4} §5966|55911/5585655801155747) 5569 2|5 5637/55 58315552815 547415541955 365 
§ | §5311/55257|55203 55149155095|55041/54987/5493315 4880/5 48261547 73154719 
6 | §4666]54613/5.4559/54500/54453/54400/54347/54294]5 4242/54189154130|54084 
7 1 §4032153979,53920/53874|5 3822/5 3770/537 1815 3666/5 3614/5 35625351015 3458 
8 | §3407|5.3355/53303)5325 2153200] 531.4915 30985 3047/5 2995/5 294415289315 2842 
9 |_$2792|52741/52690)5 20391525891 52538 /52488|52437|52387)52330152280)52236 
TO 10. §2186)5 2136/5 2086/5 2036/5 1986/5 1936/5 18871518 37/5 1787/5173815 1688]51639 
II |  52589]51540]5 14.) 1/51442]51393/513.44|51295/51246)5 1197/51148|5 1099/5 1050 
12 | 51602|50953/50905|508 5 6|/50808] 507 60/507 11/50663/50615/ 505671505 19150471 
13 | 50423/50375|/50327/50279)50232|50184/50137| 5008950042) 49994|49947/49900 
14 | 49852/49805|/497 58/497 13 [49604|4901 7/495 701495 2314947 7/49430149 383149337 
1§ | 49290/49244|49197/49151|49104) 4905 8/4901 2/48966)48920]48874/48828/48782 
16 | 48736}48690148644148599 485 5 3]48507/484 02/484 16/48 37 1/48325/48280)48235 
17 | 48189|48144]48099)4805 4)4%009/47964)47919)/47874)478 29/47 7854774014 7095 
18 | 47651/47606)47561/47517|47473/47428)47 384/47 340147 29514725 1/47 207|47163 
19 __47119]47975/47031|46098 7] 169 44] 46900/4685 6) 468 1 2)46769]46725146682)46638 
20 |0.46595/49552140508/46465|16422)/46379/46335/46292/46249|46206|46163/46121 
at | 46078)46035/45992|45950/45907/45864/45822)45779/45737145694]4565 2/45 610 
22 | 45568/45525145483145441145399/45357|45315/45273|45 23 1/45189/45147/45 106 
23 | 45064|45022/44981144939|44993/4485 0/448 15/44773144732|44691/44650/44608 
24 | 445671445 26144485144444 144403] 44 362144323}44280144239144199|4415 8144117 
25 | 44077/44036}43996/43955/43915/43874143834/4379 31/4375 314371314367 3143633 
26 | 43593/43552)43512/43472/43432/42393)/4335 3143313/43273)43233/43194/43154 
27 | 43115|43075|43035|42996/42957/4291 7/42873/42838]/42799/42760)42721142682 
28 4264 3142603/42564/425 25 4248614 2448/4 2409/42370/42331/4229 2142254142215 
29 42176)42138/42099)42061|4 2022}41984/41946/41907 |41869/41831/41792141754 
30 O-41716/41678/41640)41002/41564/415 26/41 483/414 50]41412|41375/41337|41299 
ar | 41261)41224|41186/41149|41111)41074/41036] 40999]40961|40924140887140849 
34 | 40812/40775|40738]40701 |40064/40627|405 90405 § 31405 16|40479140442|40405 | 
33 40369|4033 214029 5/4025 8|40222|40185/40149|40112|40076/ 40039] 40003139966 
34. | 39930139894/39858|398 21 |39785|39749)397 13/3967 713964 1139605] 39569139533 
35 | 39497/39461139425/39389 |39354139318/39282| 39247139211) 39175/39140/39104 
36 | 39069)39033138998/38962/339 27/3889 2/3385 7/388271337861 387 5 1138716138681 


37 | 38646)38611/385 76/385 41 /38506/3847 1 
38 | 38227/38193/381 58138124 |38089|3805 5 
39 | __37814137780/37745|377 11 (37677 /37643 
40 }0+37405)37371|37338)37 304137 270/37 236 
41 
42 
43 | 36207|36174/36141|36108|3607 6/3604 3 
44 


— | SS OS eS SF SF | i | 


38.436) 38401|38 366/38 33 1138297138262 
38020)37986/37951137917|37983/37948 
37609137575137541|37507|37473137439 
37 203)37169137135/37 102|37068|37035 


3700136968369 3.4) 36901 |36867|368 24|36801/36768) 367 3.4|36701| 36668) 36635 
36602) 36 569/365 35|30502/36469|36436)36404/3637 1/363 38/36305| 3627 2/36 239 


36011/35978/35946|35913/35881/35848 


35816135 783135751/35719/35087135654/35622/35 590135558135 520/35494/35402 
35429135397|35305135 334135302135 270135 238/35 206/35 174135142135 111/35079 
3§047135016|34984/3495 2134921134889) 3485 3134826134795 | 34763134732/34701 
3466G} 34638134607 13457 513454413451 31344821344 51134420] 34388) 3.4357 
34295134264134 233134203|3417 2) 341411341 10]34079/34048)34018/33987133956] - 


34326 


33197/33167|33137 (33107 13307 8]33048133018)3 2988] 3295 8|32928/32899/32869 
328 39|32809/32780|327 501327 21/32691}32661|32632/32602)3257 3132543132514 
32485/3245 5/32426/32397|32367|32338]32309/32280) 32250132221) 32192)/32162 
321 34|32105|32076|32047/32018/31989]31960131931131902|/31873/31844|/31815 
31787/31758|31729/31700|3167213 164 3/31614)/31586/315 57/315 29/31§00/31471 
3144313141431 386) 31 358131329131 301|3127 2/31244) 31216/31188)/31159/31131 
31103}3107 §|31046|31018/30990] 309621309 34130906) 30878) 308 50) 30822130794 
30766] 307 38/307 10) 3068 3] 3065 5|30627/30599|3057 1] 30544]305 16/30488 
30433130405 |/30378/30350130323130295/30208|30240 3021 3/30185/30158 


3°97 
30461 


i7k 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. | 


555 |Pro, pte 


s 56 
he 


| 


30130} 4123 


172 TABLE XXVll¢ 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME, 


HALF ELAPSED TIME. 
2 Hours. 
os 5s | ros | 15% | 208 | 258 | 308 | 358 | 40s 45s | 


a) Se a) ee ee ee ee ee ey ee 


s 


be 


29776] 29749|297 22|29695|29068 | 2964 1/296 14/29587)/29561/295 34 
2945 3|29420|29400|2937 3)29346!29319/29293| 29 266/29239|29213 
29 33]29107|29080|2905 4) 29027|29001/2897 4]28948/28921/28395| 23869 
28816/28790/28764/287 37/2871 1/2868 5| 28659] 28633|28607| 28580) 28554 
28502/28476| 28450) 28424/28 398) 2837 2/28347/23321/28295/28269/ 2824 3 
2319 2}28166/28140) 28 £14| 28089] 2806 3)28037|2801 2/27986|27960)27935 
2.7884/27858127833|27807/27782)2775.6)27731127706127680/27655|27630 
27579127554|27529)/27503)27478|2745 3127.428|27403127378|2735 2/27 327 
27277|27252|27227 
IO (0.26978) 2695 4/269 29 


|. COM Anh YH O 


26732 


555 }Pro. pts. 


©. 30103|30076| 30048] 30021] 29994]29967/29939|29912/29885)2985 829831] 29804 
29507|29480 
29186)29160 


28842 
28528 
28217 
27909 
27604 
27302 
27003 
26707 


s 26 


2668 2|26658/26633 26438/26414] 1] 5 
26389/26365|26341 
26099)26075|26051 
2581 1125787125 763/25 740/25 710}25692)25668)25645|25621/25597/25573| 25550 
25§26|25§503/25474/25455|/25432/25408)25 385/25 361/25 338/25 314) 25 291/25 267 
25214125920)25491125 ates beets ya 7|2 3 44 1t SCBCIaMIBTT ac sai SCT Leaves | 5 


24964|24941/24918124895| 2487 2|24849]24825124802/24779|/24756|/247331/24710| 21 g 
24687/24664/24641/24618) 24595) 24573/245501245271/24504/24481/24458/24436| 3[14 
24413} 24390/24 367/24 345/24322)24299/24277|2425 4/24 231)24209/24 186 24163 4418 

241 18)24096) 2407 3/2405 1/24028/24006}2398 3/23961/23939/23916123894 $s 22 
238.49/23827123805| 2378 2|23760}237 381237 16/2369312367 1|23649]23627 | 4 
23605/23583/23 560/235 38) 23510)23494)2347 2/234 50|23428)23406|2338.4)23362 2| 9 
23340|23318(23296}23274| 2325 3,23231|23 209/23 187/23165/23143/231 22123100] 3/13 
23078] 23086/23035!2301 3/22991|22970}22948/22926/22905|22883/22862)22840) 4| 18 

228 19]22797|22776| 2275 4/227 3312271 1122690/22668/22647/22625|22604/22583] s 21 
22561/225.40/225 19}22497|22476] 2245 51224 34/2241 2122391/22370122349122328| r| 4 
22306] 22285 |22264/22243/22222/22201/22180/291§y'221 38/22117142096/22075| 2; 8 

2205 4|220 33/220 2/21991|21970|21949]21928;21907|21887/21866,21845 21824 3113 
21803)21 783/21 762/21 741/217 20121 700)2167 912165 8/21638/2161 7/215 97/215 76 4.17 
PRAT ir riCmeterSeCrCHPMPEnerc apie ersrerre s 20 
31 | 21309] 21289/21269}21 248/21 228/21 208/21187/21167/21147/21127|21100/21086| r] 4 
32 | 21066/21046/21025}2100§/20985/ 2096512094 5|20925/20905/20885/20864/20844] 2} 8 
33 | 20824]20804/20784}20764|20744|207 24/20704/2068 §|20665|20645/20625/20605] 3/12 
34 | 20585]20565|20545)208 26/20806|20486|20466|20446/204 27/20407/ 20387) 20368 31% 
35 | 20348/20328/20309) 20289] 20269] 20250)20230/20211)2019 1/2017 1|201§ 2)20132] 5 19 
36 | 20113}2009 3|20074/2005 4|20035}/20016]19996,19977/19957/19938|Ig9Ig|19899| 1] 4 
37 19880)19861/1984 1/198 34/19803119783/19704119745)#9720) 1970719087) 19608 2| 8 
38 | 19649]19630)19611)19592)19572119553)19534)19515}19496/19477/19458|19439| 3| 11 
39° 19420]19401|19382/19 363/19 344/19 325|19306|19288)19269/19250]19231/19212| 4] 15 
40 -19193/191741191§6119137|19119]19099|19081|19062|19043|19024|19006|18987 s 18 
4I | 18968]18950\18931/18g1 3/18894/1887 5/1885 7|188 38/188 20) 18801/18783)18704 “ 4 
42 | 18746|18727/18709| 18690) 1867 2/1865 3|18635}18617|18598)18580|18561)18543} 2] 7 
43 185 25}18506|18488)18470)1845 2/1843 3)18415|18397|/18379|18360|18342) 18324 3{11 
44 18306)1 5288/18 209118 25%)18 233/152 5 8197/1317 181Cr HOA a Olas tea 4|14 
45 18089)1807 1/1805 3]18035|18017/17999 1798 1|17953}17945|17927 17909|17891 s 13 
46 17874|17856)17838) 17820|1 7802) 17785 '17 767/17 749)17731|17713|: 269617678 1] 4 
47 | 17660)17643/17625!17607|17590,17572/17554)17537|L7519)175021NI484/17467, 2, 7 
48 | 17449)17431|17414|17396|17379!17361/17344]1 7327/17 309/17 292117274/17257| 3 | 31 
AQ |__17239)17222)17205|17187|17170)17153)17135|17118}17 101/708 3}17066)1 7049] 4] 14 
§0 |0.17032/17014|16997|16980| 16963) 16946/16929|16911|16894|16877|16860/16843} s 17 
SI 16826|16809|16792|16775|16758|167.41|16724|16707|16690|1667 3116656116639 | 3 
§2 | 16622|16605|16588)16571/165 54/165 37) 165 20|16503/16487|16470|1645 3}16436| 2] 7 
53 | 16419|16403/16386|16369|1635 2) 16336/16319|16302|16285|16269)16252/16235| 3] 10 
54 | 16219|16202|16186| 161691615 21361 36/161 19|16103/16086}16070|16053!16037| 4) 14 
§§ | 16020)16004/15987/1§971/15954|15938/1§921|15905/15888|15§872/15856/15839| s 16 
§6 | 1§823/15807|15790)15774|15758/15741|1§725|15§709|15692/15676 15660\15644| 1| 3 
57 15628) 15611/15595/15579|15503|15547|15531|15514/15408|15482|15466|15450 2| 6 
$8} 1§434)15418'15§402)15 386/15 370/15 354/15 338/15 322/15 300|1§290|15274|15258 PS 
$9 | 35§242/15226 15 270/15 194/15178}15162)15147|15130/15115|15099|15083|15067| 4] 13 


© {0.1505 2|1§036|15020/15004/14988/1497 3/14957|14941|14926/14910|14894)14879 
I | 1£4863|14847|14832|14816|14800)14785|14769|1475 4/147 38/14722114707| 14691 
2 14676|14660) £4645 /14629|14614/14598)/14583/14567|14552|14537|14521|14506 
3 14490}14475|14460|14444|14429|14414)14393|14383/14368/1435 2/14337|14322 
4 14307|14291/14276/14261|14246)14231|14215|14200/14185|14170|141§5/14140 
§ | 14124|14109]14094|14079]14064|14049|14034/14019]14004/1398g|13974|13959 
6 | 13944]13929/13914/13899|13884/13869|1385 4) 13839|1 3824/1 3809/13795|13780 
9 | 13765|13750|13735|13720|13705|13691113676|1 3661/13646/1 3632)13617/1 3602 
8 |  13587|13573/13558|/13543|135 28)135 14/13499 13484/13470/13455/13441/13426 
9 |__13411/13397|13382|13368) 1335 3/13339)13324]13309]13295/13280/13266)5 325 1 
10 -13237}13223)13208|13194/13179)13165|131 50/1 3136/13122)13107/13093)13078 
II | 13064)13050)13035/13021|13007|14992|12978/12964}12950)12935/12921|12907 
12 | 12893)12878)12864/12850/12336)12822|12808/12793/12779/12765|12751/12737 
13 | 12723/12709|12695|12681/12667|1265 2)12638/12624/12610|12596|12582|12568 
14 | 12554)£2540]12527|12513/12499|12485)12471|12457|12443/12429/12415|12401 
1§ |  12388/12374)12360/12346/12332|/12318)12305|12291/12277/12263/12250)12236 
16 | 12222/12208)12195|12181|12167)12154/12140|12126|1211 3/1 2099/1 2085|12072 
17 | 12058}12044/12031/12017/12004]11990|11977)11963)11950|11936/11922)11909 
18 | 11896/11882/11869/11855|11842/11828)11375|11801}01788/11775/11761 11748 
19 | 11734)11721|11708|£1694|11681}1 1668]11654|11641/£1628'11614)11601|11588 
20 O.11575(11§61|115 481115 35|11522|11509|11495 11482|1146y|11456|11443|11429 
21 11416[11403}11390|11377|11364|11351|11338|11325|11312/11299|11286|11272 
2%] 11259/11246/11233)11 220/11 207/TTIg4|11182|111 69/1115 611143) 11 1Z0|11117 
23} ILLO4|T1Og1}11078/11065}1 1052/1 1040] 1027/1 LOI 4|1 1001 |10988)10975|10963 
24 |. 109§0/10937|10924|10911|10899} 10886) 1087 3) 10861}10848)108 35|10822/10810 
2§ | 10797|10784)10772|10759|10746) 107 34|10721|10709|10696|10683| 1067 1/10658 
26 | 10646|10633)10621}10608) 105 95/1058 3/105 70/105 58/105 45/105 33/105 20, 10508 
27 10496] 1048 3/1047 1|10458|10446| 1043 3|10421|10409|10396|10384|10372|/10359 
28 | 10347/10335|10322|10310|10298|10285] 1027 3) 10261/10248/10236|10224/10212 
29 | TOIgg|10187|10175/10163}1015 1| 10138) 101 2610114] TO102/100g0) 10078|/10066 
30 |0. 1005 3/1004 1] 10029] 10017|10005}0999 3/0998 1/99969109957 09945/09933/09921 
31 | 09909/09897/09885 |0987 3|09861/098491098 37 /09825 [0981 3 0g801/09789 09777 
32 | 09765/09753}09741 [097 30/097 18 09706)09694|09682/09670)09658/09647|09635 
33 | .09623/09611/09599/09588)095 76/095 64)095 5 2109541/095 29/095 17|09 506109494 
34 | 0948210947 1/09459/09447 09 436/09424]09412}09401 [093890937 7/09 366)093 54 
35 09343|09331)093 19|09308)09 296/0928 510927 310926 2/09250109239109227|09216 
36 | 09204/09193/09181/09170/091§8)09147/0G1 36,091 24/091 13j09FOT|OgOgO|CgC7g 
37 | 09067}09056/090.45 0903 3/09022/090T 1108999|08988)}08977|08965 10895 4108943 
38 | 08931/08920}08909|088g8\08886/0887 5108864088 5 3|08842/088 30/088 19|08808 
39 $8370" 86108) 7 lo846q1087 $ 21087451087 301087 x91087c8 oksbe > loB6Bolo86ys 
40 |0.08664|0865 3/0864 2/28630/08619}/08608)08 597/085 86/0857 5/085 64/085 53108542 
AI | 085321085 21/085 10108499/08488/08477108466/0845 5 (08444 /08 433/08 4221/0841 2 
42 | 08401/08390/08 379/08 368/08 357/08347/08 336/08 325 08 314/08 303/08 293/08 282 
43 | 08271/08 260/08 250/08 239/0% 228/08 217/08 207/08 196/08 185 |081 75/08 16410815 3 
44 | 08143/08132/08121/081 11/08 r00|C808g}0807 g|08068 08058 |08047|08037\08026 
45 | 08015|08005/07994|07984/0797 3|07963)0795 2/07942|07931|07921,07910107900 
46 | 07889|07879|07869/07858|07848/07837|07827|07816107806|07796107785|07775 
47 | 07765|07754/0774407734|077 23/077 13|07793)07 692107 6820767 2107661|07 651 
48 | 07641/07631|07620/07 610/07 600/97 59107 580107 $69 0755907549107 539107529 
49 |__07518)07508/07498 Sites 07478|07468'07458 10744807437 [07427|07417|07407 
52 |0.07397|07 387107377 073670735707 347107 337/97 327 (07337 07 307|07 297 |07 287 
51 | 07277|07267|07257/07247 |07 237/07 227/07 217/07 207 07 198 07 188}071 78/07 168 
§2 | 071§8107148|07138|07128|07 119|07 109|07099|07C89 07079 07070|07060107050 
53 07040]07030|07021|0701107001}06991/06982/0697 206962069 5 3106913126933 
54 | 06923|06914|06904/06894|0688 5/0687 5/06366/068 5 6\66846 06837|06827|06818 
55 | 06808]06798/06789 06779 '06770|06760)067 5 1,067.41 067 32/06722)06712106703 
§6 | 06693/06684|0667 51066650665 6|06646}066 37|06627 |06618 06608|06599|06590 
§7 | 0658010657 1106561065 521065431065 33/065 24/065 1506595 06496,06487106477 
58 | 06468/06459]06449/06440106431|06422|0641 2/06493|06394 06385 |0637 5106366 
9 0635 7]06348106339106329|06320[06311106302|06293|06284106274/06265 106256), 
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To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 
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To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


TABLE 


XXVII. 


HALF ELAPSED TIME, 
4 Hours. 


Ios 208 


25° 


i§§ 


308 | 35% | 408 | 455 


508 


555 |Pro, pts. 


© 10.06247/06233/06229 06220/0621 1/06202/06192/06183 :06174/06165|06156|06147| s 9 
I 06138}061 29/061 20 06111|06102}06093|06084|0607 §106066|0605 7|06048 06039] 1/2 
2 | 06030/06021/0601 3/06004/05995105986105 977/05 968 05959105950105941105933) 214 
3 | 05924/05915/05906/058g97/05888)05 880/05 87 11058620585 3105844/05836/05827) 315 
4 | 05818]05809]05801|0579 2/05 783}9577 4105 766105 757 .05748105740]05731105722| 4] 7 
5 05714105705 05696 0568810567 9105070|05662105 65 3105645|05636/05627}05619 s 9 
6 | 05610/05602 05593)05585 25576105567105 559105 § 50/05 §42/05533105525}05516| 1] 2 
2 | 05508}05499 05491105 482/05474/05405}0545 7/05 449 05.44010$432/05423/05415| 24 
B | 05407105 398/05 39005 381/05 37 3]05 365/05 35 0105 348 05 340105 331]05 323105315] 3/5 
g | 5306/05 298]05 290/05 281105273 05265 05257/05248)05240 05 232/05 224/05215! 417 
“10 0,05 207/05 199/05 1g1 05 183/05174 05 166/05 158/05150,05142/051331/05125}05117; 5 8 
II 0§ 109105 101105093|C5085|05077|05068/05060)/0505 2/05944|05036/05028/05020] 1{ 2 
12 | 05012}05004)/04996/04988/04980}0497 294964049 56|04948104940/04932/04924) 2| 3 
13 | 04916}04908|04g900/04892 0488410487 6:04868104860:0485 2/0484 5|04837|04829] 3] 5 
14 | 0482110481 3104805 |04797|04790|0478 2/047 74/047661047 581047 50104743104735| 4| 6 
+ 15 | 04727|04719/04711/04704|04096104688 0468010467 3104665 /04657 104649104642) 5 8 
| 16 | 04634/04626104619]04611104603}04596|04588]04580]04573104565|04557/04550] 1] 2 
17 | 045421045 35/045 27|04519]04512104504/04497104489/04481104474|04466/04459| 2] 3 
18 i fehl pa bine VF gee ges Rhea ry CHOC 3|5 
19 __ 04361 0435.4/04346|04.339/04332 04324 /04317|04309|04302104295 04287 04280} 4] 6 
Tape 0.04272104265104253|042501/04 24 3/04 236/04228104221104214|04206/0419g9/04192! ¢ 7 
at | 04185104177/04170|04163)041 5 6104148 041411041 34/04127/04119|04112/04105| yp} 1 
22 | 24098)04091|0408 3/04076|04069 04062/0405 §|04048|c4040104033104026)04019} 2 3 
23 | 04012104005|03998103991/03984/03976/03969|0396210395 5/03948]03941103934| 3/4 
24 | 03927/03920103913|03906/0.3899}03892/03885 /03878}0387 1]03864}0585 7103850) 4] 6 
25 | 03843/03826/03829|03822/03315/03809/03802|03795 |03788|03781 103774103767) s 7 
} 26 | 03760(03753/03747|037401037331037 26 0371910371 2/03706/036991036g 203085) 1} x 
27 0367810367 2103665 |03658/0365 1103645 03638|03631103624|03618|03611/03604| 2 3 
a8 | ©3597103591/03584]03577/9357 1103564 0355710355 1103544|03537|03531/03524| 314 
29 |__©3517]03511/03504/03498/03491/03484 03478}0347 1103465|03458/0345 2103445] 4|6 
30 |9+03439103432/03425]034 19|03412/03406 03399103293|03386/033800337 3103367] s 6 
31 | 03361]0335.4/93343103341/03335|03328 0332210331 5103309/03303103296|03299] x | I 
32 | 03283103277/03271/03264)03258 03252103245 03239|03233|03226/03220103214] 2/2 
| 33 | 03207/03261/03195/03189|03182/03176 03170]03163|031§7|03151/03145|03138| 314 
34 | 03132103126/03120|03114/03107/03101,03095 10308910308 3/0307 7 |03070/03064) 4 5 
35 | 0305810305 2103046/030401/03034|03027 030210301 § |03009|03003|02997/0299T| s 6 
36 | 02985|02979}0297 3102967|2296 1102155 0294910294 3/02937|- 2931/02925|02919] 1 | I 
37 | 02913|02907|02901102895|02889|02883 0287710287 1102865|0285 9/0285 3102847 2} 2 
38 | 02841102835|02829|028 24/028 1810281 2/02806/02800/02794|02788/02783102777| 314 
39 | 029771162765102759|0275 3/027 48|02742:027 361027 30102725102719|02713102707| 4] 5 
“40 |0.02701|02696|22690/02684|02679|02673'02667|02661 6265602650 02641102639} 55 | 
AI | 02633102627|02622102616/02610/02605'02599|02593/02§88|025821025 77102571] 1] x 
42 02565 02560 02554]02549|02543 02538 02532 02526 O25 21/O251§jO2§1O}O2504] 2 ‘ 
43 | ©2499|02493102488102482/02477|02471/02466}02460!0245 5|02449/02444|02438] 3} 3 
44 | 02433/02428]02422]02417/02411102406.02401/02395 02390/02384|02379102374| 4] 4 
45 | 02368102363/0235810235 2)02347/0234 2/023 36/023 31102326/02320/02315|02310} « 5 
46 | 02304]02299102294/02289|0228 3/0227 810227 3102 268/02262/0225 7102252102247] 1) 1 
47 | 02241|02236/02231102226/02.221/0221 5|02210|02205 |02200/02195|021g90|02185} 42 | 2 
48 | 02179]02174]02169|02164/021§9|021§ 4/021 49] 22144 |0213y|021 34/021 28102123] 313 
49 | 02118]92113|02108/02103}0209%|02093/02088]0208 3'0207 8/0207 3|02068102063) 4} 4 
§0 [0.0205810205 3102048 |0204 410293810203 3102028]02023/02018/0201 4/02009|02004] s § 
§I | O1g99|01994/0198g]01984|01979/01974|O1g70|01965 01960)01955 01950|91945| jt 
§2 | 01940/01936]01931/01926/01g92) |01 916/019 £2|01907 |01902/01897|018g2/01888| 2} 2 
§3 | ©1883/01878)01873/01869/01864101 85 9/0185 5|01850\01845/01840]018 36|01831} 313 | 
§4 | 01826)01822)01817|01812|/01808)01 803/01 798}01794|01 789 05 785|01780|01775} 4] 4 
§§ | ©9771,01766)017611087§7|0175§ 2/017 48/01 743/017 39/017 34.017 30 ie Bak ad er s 4 
§6 | 01716/01711/01707|0F702/01 698/01 69 3/01689/01684 0168001675 0167101666} 1{1 
§7 | 01662/01658]9165 3101649/01644101640\01635|01631|01627\01622\01618|01613] 2) 2 
§8 | O160g9|01605/01600}01596]01 §92/01587 0158 3/015 78/015 74,01 570|01S66|01561!} 3,2 | 
O1§57/0155 31015 48,01 344/01 540/015 35 G15 31/015 27/01523, 015 18|O1§ 1401510 al3 of 


TABLE XXVIIL. > 173 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


HALF ELAPSED TIME. 


5 Hours. 
M Os | 54 oe | ES Pe) O94) 52,5,% | 305 | 355 | 405 | 455 | 508 | 558 /Pro. pts. 
© ]0.01§06j01§01]01497|01493/01 489/01 485|01480/01476101472/01468/01464/01460] s 4 
- I 01455/O145 101447 /01443|01439)01435/01431\01426/01422/01418|o1414|O1gI0| : I 
2 | 01406/01402/01398/01 394/01 390/01 386/01 382 013770137 3/01369|01365/01361| 2! 2 
3} 21357/O1353]91349/O134 5101 341/01 337/01 333/01 329,01 325/01 321/01 Z18/O1314} 342 
4 | 01310]01306/01302/01 298/01 294/01 290/01 286j01 282/01 278/01 2741012701267] 4| 3 
§ | O1263/0125g9/0125 5/0125 1/01 247/01 244/01 240}01236/01232/01228|01224/01231| s 4 
6 | 01217/0£213/01209|01 206101 202/01 198 OL 194/01 191101187 /01183 O1LI7g9/01176} I | I 
7 | OLL72/\O1168/OTI64/O1161/0115 7/0115 3/011 50|01 £46,011 42/01139/01135/01131| 942 
8 | O1L2B/O1124/OTL20|CIII7ZIOLI(Z/OLIIOOI106/01102 OLogg|O1095|O10g2/010¥%8} 3] 2 
9 O1084/0108 1|01077/01074|01070|01067/01063 o1osylo10s6 O1L052/91049/01045] 4] 3 
“To |0.01042 01038/01035|01031|O1028/01024/0102T 0101 8/0101 4|O1OT1O1007/O1004} s 3 
II | 01000/009g7/00993|00990)00987!00g8 3|00980]0097 6/0097 3|00970/00966/c0963] 1 | I 
12 | 00960}0095 6/009 § 3/0095 0/069 46/0994 3100949 /004 36/009 33/099 30/00926|00923] 2] 1 
13} 00920/009 16}009 1 3/009 10/00907|00903/00900/00897/00894/C08g0|00887100884} 3/2 
14 | 00881|00878]00374/0087 1/00868}00865|0086 2/008 5 8/0085 5 0085 2|00849100846| 4| 2 
15 | 00843|00840}008 36/0083 31008 30,008 27/008 24/008 21/008 18/0081 5/008 12/00808] s 3 
16 | 00805}00802}00799]007 96/0079 3/007 90/02787|0073410078 1/00778|00775|00772| I I 
17 | 00769|00766]0076 3/007 69/007 57|007 §4|007 § 1007481007 45|007421007 39':007 361 2 1 
18 | 00733|007311007 28'007 25|007 22/007 1g!007 16/0071 31007 19}00707|90704 00702) 3[2 
Ig ; 00094) 00696 0069 3:99693'0068 710068 5 02682 2207919201 9.000) 3100676 00668 412 
20 0.00665 0066 2/0065) 0065 7|00654|0065 1 00648 )00646 OBO Aa O04 OOS, 00635] 5 3 
QI | 00632100629|00627\00624100621)00618|0061 6}006 1 3:00610,00608}00605 00602} 1] I 
22 | 00600]00597/00595/00592/00589/0058 7/005 8410058 11005 79/005 76/005 74100571 | I 
23 | 00568]005 66/005 63/005 61 005 58/005 56/005 5 3/005 § 11005 481005 46/005 43/00541| 3} 2 
24 | 005 38/005 36/005 33/005 31/005 28}005 26/005 231005211005 181005 16/00§13/00511| 4] 2 
25 00508 00506 00504/00590T|00499 00496 00494|00492 00489 00437 00484 00482 2 
26 | 00480]00477}0047 5/0047 3|00470}00468}00466100463/00461100459|00456\00454) 1 Ke 
27 | 00452/00450]00447 100445 {0044 3|00440|004 38 |o04 36/0C4 34/0043 1|00429|00427| 241 
28 | 00425]00423/00420/00418 {004 1 6/004 14/0041 2/0040y}00407 |00405|00403/00401| 3) 1 
29 | 00399|00396|00394}00392/00390}0038%|00386 00384/00382 00379 92877}00375 4|2 
30. 10.0037 3|0037 1100369}00367|00365}0036 3100361 |0035,9)0035 710035510035 3/00351| 5 2 
3I | 00349]02347|00345 10034 3/00341|00339/003 37 |003 35,0033 3}00331/00229|00327]| 1 le 
32 | _00325|00323}003 21 |00319|0031 7/0031 §|0031 3/0031 2,003 10|00308|00306,00304] 2] 1 
33 | 00302]00300]00298/00297 [0029510029 3/0029 1\00289100287/00286j00284\00282) 3/1 | 
34 | 00280|00278)00277|/0027 50027 310027 1|00269/00267|90266/00264\00262/00261| 4 | 4 
35 | 0025§91002§7/00256)0025 4|0025§ 2/0025 0100249|00247|00245|00244]00242/00%40] , 9 
36 | 00239]00237/00235 1002340023 2/002 301002 29|00227|00226|00224|00222|00221) 1 E 
37 00219'00218/00216/00214|0021 2}00211}00210]00208|00207 |00205|00204|00202| 2} 1 
38 | 00200/00199]00197|00196/00194|C0193|00191/00190|/00188 00187 |00186|00184| 3! 1 
39 | __00183)0018 1|00180\00178)00177}0017 5/001 74/0017 3/0017 1|00170}00168|00167 4| 2 
“40 |0.00166|00164|00163/00162|00160|001 59/001 57 OOI§6/0O1§5|OOL§3|00152/00151| 5 I 
AI | COT49|00T48/00147|001 46/001 44/001 44|001 42/001 40/001 39/001 38|00137\00135| 1 | fo) 
42 | 00134/00133/00132/001 30/001 29/001 28/00127 001 26j001 24/001 23|00122/00121| alo 
43 | OO120]001 18/001 17/001 16/0011 5/001 14001 13/0011 2/001 TO|OO10g 0010800107 3| I 
44 | 00106!00105|00104 |c0103|00102/00161}00099}00098|00097 |00096|00095|00094| 4] 1 
45 | 00093]00092|0009 1 |00090|00089|00088}0008 7 |00086}0008 5 |0008 40008 3/00082] 5 I 
46 | 00081]00080/00079,00078|0007 7/0007 610097 50007 50007 4 {0007 3|00072/0007T| x | fe) 
47 | 00070]00069/00068|00067 j00066}00066}0006 §}00064|0006 3|00062/00061/00060} 2] 0 
48 | 00060]00059]0005 80005 7 |000§ 6/0005 6/0905 510005 4|0005 30005 2/0005 2|00051} 3 | I 
49 00050]00049}00049/0004% [00047 }00046}00046 0004 5}00044|0004.4|0004 3|00042} 4] 1 
50. ©.0004 1100041]00040|00039|00039|00038}00037|00037|00036/00035 |00035|00034| 5 I 
§I | 00034|00033|00032/000 32/0003 1}5003 1}00030}0002.9|00029 00028 |00028|00027] I | fe) 
§2 | 00027/00026/00025|0002 5 |0002.4}0002410002 3/0002 3|00022/00622/00021|00021| 2] oO 
§3 | 00020}00020/00019|0001g|00018}0001 8}00017|00017|0001 6\c001 6|o00 1 6jo0015} 3 | fe) 
§4 | OOCTS|000T§ 0001 4/0001 4|COOT 3/0001 3/000! 3/0091 2/0001 2|00011|COOITjOOOII} 4] 1 
§5 | 2001G|00010/000T0!00009/00009|00009|00008/00008/00008 |00008}00007/e0007} 5 I 
§6 | 00007/00006)00006|00006)00006]0000 5 ]00005|00005 |0000§ |G0004|00004|00004] I | fo) 
57 | ©0004|00004}00003|0000 3'00003}00003}00003}00002/00002|00002/00002)00002| 2| 0 
§8 | 00002|00002|C0001|0000T {00001 |OOOO I |COOOT|OOOOI|OO0OT|00001|OO00I|O000I| 3 | Oo } 
§9 |} ©0000/00000}00000}00000/00000}00000}00000 00000'00000|00009/00000;00000} 4| I 


176 TABLE XXVIIL 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


4 


MIDDLE TIME. 


0 Hour. 
ee eee ee a ee aan Eece CLR Sanaa ine TR TES EARLE TE 5 ai ER 
M Os 5s 10 | 15§ 208 | 25 | 308 | 358 455 | 505 | 555 !Pro. pts. 


= ——= |_ 
—_——= | —————_———. 


© |2.00000]86167|16270/33879) 4637 3/56064|63982|7067 6176 476181 §91|86167190306 
1 94085 |97561|00779|03776 06578|09211|11694\14042]}16269}]18388:20408|22339 
a |13.24187/25960]27663/29 302| 3088 2/3 2406) 33378/3 5302/3668 113801 7/3931 31405 72 
3.1 41796|42986)44144/45272 46371147443|484901495 £21505 105 148615244015 3374 
4 | §4289]5§5184|50061|56921/57764|58592/59403/60200/6098 2/617 5 1162506|63249 
§ | 63978|64696)65 402|66097 6678 1|67454/68117|68770|694 1 3}70047|7067 2|71288 
6 | 71895'72.494|73085|73607|7424217 481017 5 370|75923/76469] 7700977 542|78068 
7 | 78568|79102|79609]801 1 1/80607/81098/81583/820631825 37/8 3007/8347 1/8 3930 
8 | 84385/84835|85 280]85 7218615 7/865 89/8701 78744018 7860/8827 5|88686/89094 
g | 89498]89898|90294]90087/91076)91462)9184 5/9222419260019297 2193341 |93708 


10 13-94071194431|94783195143195494/95843/96188/96 5 3219687 2/97 210|97545|97877| s 300 
1x} 982071985 35/98860|99183/99503/99821|OOT 36/0045 0|00761\01070101376|01681| 1| 60 
12 14.0198 3/0228 3/0258 1102878/0317 2/03464)037 54/0404 3104 32910461 3104896/05177 1 

13 | 05456/05733|00008 0628 2/065 5 4/06824}0709 3/07 360}07625107889/08151|08412| 3 | 180) 
14 | 08671/08928|09184)09438 09691/09943/10193|10441/10688/16934/11178|11421| 4| 24 
15 | 11663/11903/12142|12380|12616/1285 1/13085/13317113549|13779|14007|14235| 5 210 
16 | 14461]14087|14911|15134|15355|/£5576|15796|16014|16231/16448|16663|16877| 1] 4 
17 | 17090)17302|17513)17723|17932/18139 18346)185 § 2/1875 7|18962/19164/19366 | 
18 | 19567|19768|19967|20165|20363/205 59/207 5 5|20950|21143/21336121529/21720] 3] 126 
Ig | 21910/22100|22289/22477 2.2664|22850|23036|23221/23404/23583123770123952| 4|16 


—_-—_ _ |————-- 


RO |4-24133|2431312449212467 1/24849)25026)25 202/25 378] 255 5 31257 271/25901|26074) 5 162 
ar | 26246|26417|26588)267 58/269 28/27097|27 265 /27432127599|27765/27931|28096] 1] 32 
22 | 28260/28424128587/287 50/2891 112907 3/29233/29393]295 § 3129712/29870130028} 2] 65 
23 | 30185|30341/30497|/3065 3 30807/30962)31 115131 2691314211315 73|31725131876] 3| 97 
24 ) 32026)32176132326/32475|32623/32771/32914|33006)3 321 2/33358)33503133648) 4 
25 | 33793)33937|34080|34223 34365|34508/34649/34790|34931135071/35211 135350] § 132, 
26 | 35489135627135765)35903130040/ 3017613631 3)364481365 841367 19/3685 3136987| 1] 26 
a7 | 37121137254(37387/37519137 55 1/377831379 14/3804 51381 75138305 | 38434/38564| 2] 54 
28 | 38692|38821/38949]39077|39204/ 39331139457 /39583) 39709139835) 39960)40084| ; 
29 | 40209] 40333/40456|40579]40702|40825|40947 41069/41190 41311)41432/41553 

30 |4-41673/41793/41912)42031/42150 4226814 2386/4 2504|426221427 3942856142972] 5 111 
31 | 43088}43204/43320143435/43550143665|43779143893/44007|44120/44233/44346) r| 22 
32 | 44459144571|44683144794|44900145017/45 127/45 238145 3.48/45458|45568 45677) 2| 44 
33 | 45786145895 4600314611 114621946327 /46434/46542|46648146755|/46861|46967| 3) 67 
34 | 47073)47179 47284)47389|47494147598|47702/47807|479 10]48014/48117|482201 4 | 89 
35 | 48323148425 485 27/486291487 31/4883 3/48934)49035 491 36/49 236/49336 
36 | 49536 496361497 351498 34/499 33/50032|5¢ 1 30/50229/50326|50424)505 22 50619] 1 19 
37 | §0716)50813|50910|5§ 1006|5 1102|51198 51294]/§1389|51485]51580|51675'51 76g + 38 
38 | 51864]51958|5205 2/5217 45|5 224015 2333 5242615 25 19|5 261 2/52705/52797 52889] 3] 57 
39 SgB lose als3realsg256lsaaa7|saaablsas29|s3020(5 a7 elsabor <a8or|<a080) 4| 77 


> wD 
-_ 
te) 
leas 


49436) s 96 


40 14654070154 160154249)543381544271545 15154004, 54692'54780)5 4868 54956/55044| 5 85 
4X | §5131/55219|55306/5 539215547915 5566|5595 2155 73815582415 59105599615 6081] 1] 19 
42 | $6166|56251)56336}56421)56506) 5659015667 4)567 59/5684 256926 57010|57093) 2] 34 
43 | 57176/57260157343)57425|5 7508/5 7590|5 767315775515 7837157918 58000 58032] 3] 51 
59047] 4 | 68 


44 | §8163158244/58325/58406|58487|58567152648/587 28|58808/58888 58967 

45 | 5§9427/59206|§9285)59364|5944.31595 22|59600|§9679|59757/59835 59913159991] 5 75 
46 | 60049601 46|60223)60301/60378)/6045 5/605 3 2/60608 6068 5 60761608 38 60914) 1] 15 
47 | 60990|61066/61141/61217|61 292/61 3681614431615 18161593161667 6174 2/61817 1 30 


48 | 61891/61965|62039/62113|62187|/62261 62334162408 62481 
49 | 62773162846/62918/62991|63063/631 35 |63207/63279 63351 


50 4.63637163708/53779|63850/63921 


6255 4.62627|62700 5] 45 
a) 41. om 
63991|64062 64132/64203/64273 64243 64413) s 68 


63422 63494163565 


enemy | ene See 


§1 | 64483)6455 2/64622'64692/64761\648 30/64899 64968 '65037)65 106 65175|65243| 1] 14 
2 | 63312165 380165448 65517/65584/6555 2/657 20165788 65855 65923 65990/66057| 2] 27 
§3 | 66125/66192/66258 66325|66392/66458|66525 66591 66658 66724 66790 66856) 31 41 
§4 | 66922166987 \6705 3,67118]67 184/67 249/67314|67379|67444 67509 67574|67639] 4| 54 

§5 | 67703|67768167832'67897|67961/68025 |68089|681 5 368216 68280 68344/68407] s 62 
§6 | 684711685 34168597 68660)68723:68786/68849168912/68974 69¢37 69099|69161| I 12 
57 | 69224169286 )69348 694 10/6947 2/695 33/69595|6965 7 69718 69779 69841\69902| 2] 2§ 
on 7008 5/701 46|70206)70267|/70328)70383!70449 70509,70569|70629| 3; 37 
70869}70928|70988}71047 det ea 71225|71285 71344 41 0) 


70689|79749|708e9 


—_— oe ———- | |. | ———_—__ | ———_ 


TABLE 


MIDDLE TIME. 
1 Hour. 


XXVIII. 


458 


—_——— 


4os 


508 


pS he 


| 


—_ 


7 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED T1ME. 


Pro, pts. 


_— 


° 4+ 71403)7146217 15 20/71579}7 1038|7 1696/7175 57 1813/7 187 117193017 1988}72046 s 56 
I 7210417216217 2219|7 227717 233517 239217 245017 2507|7 25 6417 2622/7 2679/7 27 30 it 
2 | 72793|7285017 2907/7 2963)7 302017 307 7/7 3133/73199|7 3246/7 3302/7 3358173414] 2] 22 
3} 734791735 26173582) 7 363817 3694/7 3749|7 380517 386117 39 167397 1174027174082] 3 | 34 
4 | 74137|74192174247|74302|74356)74411|74460)7 45 21/74575|74629}74684)747 38) 4 | 45 
5 | 74792]74846|74900/74955|75008)7 5062)7 511617517075 223/75 277|75330175384] s 52 
6 | 75$437|75491)75544]75597|7565175793|75756)75809]75861|75914|75967|76019) 1| 10 
7 | 76072)76124)76177|76229)76281/76333)76385|7437|76489/70541|70593}76645] 2 | 21 
8 | 76697)76748)76800}768 5 1]76903/7695 4]77005|77057|77108|77159]77210}77261| 3} 31 
9 |__77322)77362)77413/77464/77514)77565|77616)7 79661777 16|7 7767/7781 7/773867] 4f 42 
TO [4-77917|77967|78017/78067|781 17/78167|78217|78266)78 316)78365|73415|78404] 5 48 
Ir | 78514|78563|73612/78661/73710)78760/78809}78858/78906/7895 5|79004|7905 3] 1/10 
12 | 79104)79150179198|79247|79295179344] °9392179440]79488!795 36|79584|79632| 2) 19 
13 | 79680)7g728179776|79824|79871|79919|79966/8001 4/80061 |ROr0g/801§5)80203| 3 | 29 
14 | 80251/80298180345/80392|/804 39/80486|805 33/805 80/80626/8067 3/807 29180766) 4 | 38 
T§ | 80813/80859]80994|8095 2|80999|81045|8109 1/811 37/8113 3/81 229/81 275|81321) 5 45 
16 | 81367/81413]81459/81505/815 50|81596/81641/81687/81732|/81778/81823 81868] ©] 9 
17 | 81914/81y59182004|8 2049/8 2094]8 21 39/82184/32229|/8 2274/82319/82363)82408 att: ' 
18 | 82453/82497/82542/82586/82630)82675|82719/82763/8 2808/8285 2/82896)82940) 3 | 27 
19 | 82984/83028|82072/831 16/831 59/83203/83247/83291/83334/83378/83421 83465] 4 | 36 
20 }4-83508/835 5 2)83595/8 3638/8368 1/337 25 /83708)8 381 1/8 3854 83897/83940]83983) 5 42 
21 | 84025'84068/841 11/8415 4/84196)84239/8428 1/843 24/84 366/84409/8.4451/84493] 1] 8 
224 84536/84578/84620/84662)84704|84746/84788/848 30/8487 2/849 14/8.4956|84997 Hits 
23 | 85039/85081/85 122/85 164/85 205|85 247/85 283/85 330185 3718541 2/85454185495| 3125 
24 | 85536/85577/85618/85651)/85 700/85 741/85 782/85823)85 804 /85904/85945/85986) 4 | 34 
25 | 86026/86067|86108|861 48/861 88136229/86269/843 10|86350/86390/86430/86470) s 4o 
26 | 86511)8655 1/8659 1/86631/86671/867 10/867 50)86790|868 30/86870|86909|/86949| 1] 8 
27 | 86989|87028)37068|87 107|87147/87186/87 225187 265187 304/87 343187382/87421) 2] 16 
28 | 87461/87500]875 39/875 78/87617187656/87694|877 33/8777 2/8781 1/873849/87888] 3 | 24 
29] 87927|87965|88004/83042|8808 1]381 19/881 58/83 196/8823.4/8827 2/83311/88349) 4| 32 
30 |4-88387/88425/88463/88 501/835 39/385 77/8861 5/8865 3/8869 11837 29/88766/88804] 5 37 
| 31 | 88842/88879)88917/88954/88992/89030|89067/89104/89142;89179|89216/89254| r] 7 
32 | 89291/89328/39 365 |89402|894 39/8947 61895 13/895 50/89587 896 24/89061/89698| 2] 15 
33 | 89735/89771|89808/89%4 5/8988 1/899 18/8995.4/8999T 90027 \yOO64!yoICO]gOI37| 3122 
34 | 90173/90209190246|90282|90318)90354/90390)90426190462 904Y8}'j05 34/90570| 4] 30 
35 | 90606)9064 21906781907 14|99749]90785 19082119085 7190892909 28|90963/90999| s 35 
| 38 91034|g1070)9IIO5|QIL4T/91IT76/91 211/91 247/91 282191317 \9135 2/91 397/91422| 1) 7 
37 | 91457/91493/91527/91563/91597/91632/91667|\91 702/917 37/91772/91806/91841| 2] 14 
3 91876)91910,91945/91980/92014|92049/92083'92117/92152/92186\92221/92255| 3] 2r- 
39 | __92289/92.323192358/92392/92426192460/92494)925 281925 62/92596/92630)92604 4} 28 
4° |4.92698)92732192765|92799|9283.3]92867|92900|9 2934192968 19 3001/9 3035/93008! 5 33 
4Z | 93102193135/93169|93202|93236/93269193302193336/93369 93402193435)93408) x] 7 
42 | 93501/93535|93568|93601|93634|93667 1937001937 32193765 |93798|93831/9.,864] 2} 13 
43 | 93897193929|93962|93995|94027|94060|9409 2/941 251941 57/94190/94222/94255| 3] 20 
44 | 94287/94320\94352/94384/94416/94449/9448 1\94513/94545|/94577|94609/94042| 4| 26 
45 | 94674}94706|94738)/94770/94801/94833/94865)/94897 |94929|94961|94992/95024] 5 31 
46 | 95056]95087/95119/95151/95182/95 214195 245195277195 308195340195 37195402 | 6 
1 47 | 95434}95465/95496/95528195559|95590195 62119565 2/95683/9571519574695777| 212 
48 | 95808195839195870195901]95931195962/95 9939602419605 5 |96086|961 1696147 3) 19 
49_ 96178}96208|96239|96269/90300|96331 196361/96392196422/9645 2196483/965 13 4] 25 
$2 }e.965.44)96574|96604|96634 90665196695 967 25/9675 5|96785/96816\96846 96876) s 30 
51 | 96906/96936\96966}96996 9702519705 5|97085|97 115197 145|97175 97 204/97 234| I] 6 
§2 | 97264197294/97323/97353,97393/9741 219744 2197471197 5011975 3019756097589} 2} 12 
53 | 97618]97648197677197707/97730|97765|97794/97824|9785 3197882/97911197940| 3118 
54 | 97969|97998)98027|9805 6/98085|98114'98143/9817 2/98201|93230193259.98288) 4 | 24 
55 | 98316/98345/98374/98403 98431|98460/98489/985 17 198546198575 98603 98632| s 29 
§6 | 98660!98689198717/98746 98774|98802/9883119885 919888719891 6/98944/98972| 1| 6 
57 | 99000|99028|99057/99085 99113199141|99169'99197}99225|99253/99281\99309| 2 | 12 
99337|99365'99393|99421 99448|99476|99504199532|99559)99587|996t5|99643 3127 
99670199698199725 99863,99890199918199945:999731_ 4123 


99753.99780}99808/99835 
Zz 


178 3 TABLE XXVIIL. 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED ‘TIME, 


MIDDLE TIME. 
2 Hours. 


108 | 15S | 208 | 258 | 308 45° | SOS} 55% |Pro, pts. | 


5 ©00000|0002710005 §|0008 2/00T0g|001 37|09164|00191/00218}90245 }0027 2}00300 
00327/00354}0038 1/09408]00435/00462/00489|005 1 6.00542)90569|00596|00623 
Q0650|0007.7 1007031007 30/007 57/00784,008 Lo 00837 |00864 co$gojoog1 7/009 43 
00970/00997/01023/010§0}01076)/01103 01 20$/01234/01261| : 


Red LOS 55 358 | 405 


011 29/01155 01182) 
012891013 13|01 339/01 306101 392/01418101444101470 014961015 23/015.49|01575 
0160110 1627/0165 3|C1679/91705|017 31/017 57/01782\01 808/01 83.4j01 860/01 886 
01912/01937|01963/01989/02014/02040,02066]02091\02117/02143/02168/02194 
02219102 245|02270102296/023 21/0234 7/0237 2192397 /02423102448|0247 3102499 
025 24}025 49/025 7410260010262 51020500267 5|027001027 25102751/02776/02801| : 
0282610285 1|02876/02901102926/0295 1]02976/03001]03025}03050]0307510310C 

10 |§ -03125|03149]03174/03 199]93224|03248)0327 3/03 298/03322|03347|9337 2103396 

II | 03421/03445]03470/03494/035 19103543/0356%103592/0361 610364 1102665 |03690 

12 037 141037381037 92/03787103811/03835/03859)2388-4103908|93932/0395 0103980 

04004/04028!0405 210407 7/24 100/041 25104148/04172/04196}04220194244/04268) : 

14 | 04292/04316/04340/04363/043871/041411|04435/04459|0448 2104506/045 30/045 53 

15 | .04577|04601|04624/04648104067 1104695 |047 18|04742/04765|04789|048 £2}048 36 

16 | 04859/04883/04906/04929]0495 3104976104999/05023/05046|05069|05092/05116 

17 | 05139/05162/05 185/05 208/05 231}05 25 5)05278]05 301105 32.4105 347/05 379105393 

05416105439 /05462/05 485]05 508105 5 31/05 $5 3105 570/05 599/25 622/05645|05 068) 

__0§699}057 13/05 736/05 758)05 781/05 804/058 2710584910587 2105894/05917 5940 
20 |5 -0§962105985 {06007 |06030/0605 2}0607 5|06097 061 20/06142|06164/06187 06209 
AI} 06232/06254|06276/06299/0632 £10634 3]06 365 |06338106410}06432/064 54106476 

22 06498)005 21065 43/06565|00587}06609|066 3 10665 310667 5}06697|067 19 06741 

23 | 06763|06785 |06807/06829|< 6850/0687 2106894069 1 61069 38|0696010698 107003 

7068107090107 112107 133107 155107 176l07 198l07220|07241107263 

2§ | 07284|07306l07323}073.49|07371107392/07 41 3197435|07450107478107499107520 

26 | 07§42,07503107584107606/07 627/07 6481076701076911077 121077 33107754107776 

07797|078181078 39|07860)07 88 1079021079 2310794.4107965|07986'08007|08028 

28 | 08049/08070\o8097/081 12/031 33108 15 4108 175108 196|08216|08237\08258/08279) : 

29 | 08300108320]08 341/08 362/08383/08403]08424108445108465108486/08 507/085 27 

30 15 -08548]08 56808 58g9/086c9|0863010865010867 110869 1/087 1210873210875 3108773 

3X | 087941088141088 3410885 5/0887 5108895 |089161089 36/0895 6/0897 7|08997 ogor7 4 

32 | 09037109057 09078/0g098/091 181091 38]091 58/091 78\0gIg8|0g21g|09239\09259| 2] 8 

33 | 29279109299]/09319/C9339}99359|09379/09399 0941 9|09438/09458/09478\09498) 3] 12 

09716 .09735| 4] 16 

0995109971) s 1g 


Oo OI AONBwWY HO 


l 
| 


| 


34 | 09518109533}095 58 |0957 71095970991 7|< 9637/0957 |09676|09696 
35. | 09755199775 09794109814/0983.41098 5 310987 3/0989 3/099 12109932 
36 | O99gO/TOOIO}1002g9]10049] 10068} 100488] 10107|10126|/10146|10165| 1018410204] 1] 4 
37 | 10223|}102.43|10262/1028 1] 10300/103 20]10339|10358|10377|10397|10416|10435| 2] 8 
38 | 10454|10473]10492|105 12/105 31/105 50|10569|10588/10607/10626) 1064510664] 3] 11 
10721|/10740|10759/10778|10797/10816/10834/10853/10872/108g91| 4] 15 


10947|T0966|10985|L1004|1 1022/1104 1|11060|11079|11097|11116 s 18 


Eh ceasberea SANE 
40 15. 1091O|LOg2g 


j 
|| 24 | 07025/07047 


4I.|  LIIZ5|I1I§3|11172|LLIGO|11209|11228]1 1246)11265 /11283/11302\11320/11339| 1] 4 
42 | 11357]11376)111394|11413/11437/11450/11468}11487/11505|01523|/11542/11560| 2] 4 
43 | 11578)11597|11615|1 1633/1165 2/11670111688/11706)11725|11743| 1176111779! 3] 11 
44} ¥1797|11815}11834/1185 2/11870/1 1888/1 1906|11924|11942|LIQ6O|ITg7B\11996| 4] 14 
45 T 2014/1203 2|£2050/1 2068/1 2086 12 104/121 22/12140|12758|12176,12194|/12112| 5 18 
46 |" 12229]12247/12265|1 2283) 12307/12319/12336/12354|12372/12390|12407/12425) 7 
47 124.43|12460|t2478|r2490\12513|125311125.49|12560|12584|t2b0T|12619|1 2637) 
48 | 1265411267 211 2689|12707/12724/12742/12759|12777|12794|L2811|1282G|12846) 3141 
49 | 12864)12881)12898]1 2916] 12933)22950|12908/12985|13002|T 3020/1 3037/13054| 4 | 14. 
50 [5 -13071/£3089113106|13 12313140 131571£3175/13192/13209|1 3226/13243/13260) s 17} 
SI | 13277)13294](3311[13228)13345/13363/13380|! 3397/1 3413/1343 1/1 3447|13404) I] 3 
52 13481|13498|1 3515135 32|13549|13500|1 358411 3000|T 36161363311 3050|1 3667| 2 7 
53 1368411 3700|t3717|13734|13751/13767|13784|13801|13818|13834113851|1 3868 3110 
54 13884)13901|13917|13934)1395 4/1 3967/1 3984) 14000) 14017) 14034)14050)14067 4|14 
55 | 14083/14100/14116|14133) 14149. 14165]14182|/t4198/14275114231)14247}14264| 5 16 
56 | 14280)14297|1437 3/4 329| 1434514362]! 4 378)14394/14 411/14427/14443/14459) I] 3 | 
57 14476)14492/14508]145 24)14549,14556]1457 3}14589|f4005|1 4621/14637|14653) 2 6] 
58 | 14669/14685]14701|14717|14733 14749) 14765) 14781114797 ,/14313/148 29114845! 3,10 
1486111487711 4894|14909 14925114941 1.49$7|14972|L4g88]1 5004115920 15030. 4193 ee 


TABLE XXVIII. i179 


} To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSBD TIME, 


— 


MIDDLE TIME. 
3 Hours. 


M os 5s | ros | 158 | 208 255 | 303 | 358 | 408 | 458 | 508 | 555 |Pro. pts. 
© {5.1505 1|¥5067/15083/15099/1§115]15130)1§146/15162/15177 15193115209 15225] s 16 
I 15 240|15 250/15 27 £115 287/15 303] 15 318/15 334/15 350/15 365/15 381/15 396/15412| =| 3 
@| 15427|15443/1545%|15474|1548y115 505/155 20,155 36/15553/15566|15582|15597| 2! 6 | | 
3 15,613}15 628) £5043/15659/15674/15089]15705]15720/15735/15751115766|15781 | Io 
4} 15796)15812/t5327/15842/15857|15373/15883) 15903) 15918]/15933/15948)/15964] 4113 
5 | 15979 £5994] 16009 16024|16039|1005 4|16069| 16084) 16099]16114)16129/16144] 5 15 
6 | 16159]16174)16189|16204| 16219) 16234/16249) 16264/16279|16294|16309/16323] 1] 3 
7 | 1%6338/16353/16368) 1638 3)16398|16412/16427|16442/16457|16472/16486|16501| 2} 6 
8} 16516)16531|16545|16560|16575/1658g]16604| 16619|16633/16648)16662/16677| 3] 9 | | 
g | 16692|16706|16721|167 35/167 50)16705|10779| 16794) 16808) 16823|16837/1685 2] 4] 12 
“To |§-10866|16881|16895| 16909] 16924| 16938] 1695 3|16967|16982/16996|17010|17025| 8 14 
II | 17039]17053/17068/17082)17096/17141]17125/17139)17153/27108/17182/17190 | 3 
12 a ba 1723/1725 3|17267|17 281/17 295/17 330117 324/17338|17352117306] 2] 6 
13 | 17380!17394]17408/17423]17437|17451|17405 £7479|17493/17507/£7521117535| 3] 8 | fF 
14] 17549/17503/17577|£7591|17604|17618]17632)17646|17060|17074)17688)17702| 4| 11 
15 | 17716/1772y]07743|17757/17772|17785|£7798|17812)17826)17840)17854|17867] s 13 
16 | 17881/17895)t7908/17922/17936/17950|17963}17977|17990)18004] 180T$|18031 4] 3 
17 | 1804518059) 18072|18086/18099/18113/18126)18140)18154/18167/1818118194) 21 5 | | 
18 | 18208)18221/18235|18248|/18261|18275|18288)18302/18315/18329/18342/18355| 3] 8] § 
19 | 18369|18382]18395|18409|18422/18435|18449|18462|18475|18489118502|18515] 4] ¥0 
“20 |§.18528)18542/ 185 55/£8508/18581|18595| 18608] 18627/18634|18647|18660|18674| 5 13 
2 18687|18700] 187 13/18726)18739|18752|18765|18778/18791/18805|}18818]18831! 1] 3 
22 | 18844/18857|/18870/18883|/18896|18909) 189 22/189 35|18947|18960| 1897 318986 | 5 
23} 18999|19012/19925/19038/1905 1/19064)19076)1g08g]1g102|19115/1g1 28119141] 3 8 
24. | 19153/19166)19179/19192|19204|19217/19230)\ 1924311925 5|19268/19281)19293 3] 10 
2§ | 19306/19319)19331/19344/19357|!9369|19382/19395|19407|19420|19432119445] s 12 
] 26} 19457/19472|19483'19495)19508/195 20/195 33/19545]195 58)19570119583/19595| I| a 
27 |° 19607) £9620)19632|19645}1905 7|19670/19682)19694|19707/19739|19732/19744| 2) 5 
a8 | 19756)19769)19781/19793/ 19805 /19818/198 30) 19842/19855|19867/19879|19891| 3] 7 
29 19904 19916 19928|19940 19952 19965 19977119989|20001|2C013}20025/20038] 4| 10 
30 |§ .20050|20062 20074|20086 20098}201 10/201 22'201 34/201 46/20158|20170/20182] 5 12 
31 20194}20206}20218}20230|2024 2/2025 4|20266) 20278)/20290/20302/20314)20326| x | 2 
32 | 20338) 20350/20362|/20374/20385/20397|20409| 20421 )2043 3/2044 5/2045 620468) 2} 5 
33 | 20480/20492/20504|205 15]20527|205 39]205 51 20562)20574|20586)20597|20609| 3] 7 
34.) 20621 20633}20644|2065 6|20663/20679|2069 1|20702|/20714/20726|20737|20749| 4 | 10 
35 20760|20772120784120795|20807|20818 20830/20841 2085 3|20864|20876/20887| 5 11 
36 | 2089y|20910)20922/20933/20945 12095 6/20967|2097g]20990/21002|/2103 3/21024| 1] 2 
34 2.1036|21047|2105§9|/21070 2108 1|21093/21 04/2115 |21126/21138/21149/21160 | 4 
| 38 21172121183] 21194/21205/21217/21228)/21239/21250/21 261/21 27 3/21 284/21 295 Bae 
39 |  21306)21317)21 328/21 340/21351 21362 2137 3)/21384/21 395|21406/21417)21428 5 | 9. 
4o |§ .21439|2145 1/2 1462)21473|21484|/21495/21506/21517| 215 28/215 39/215§50/21561| s IT 
AY | 21572/21583)21593|24604/21615/21626)21637/21648)21 659/21670|21681\21692| 1| 2 
42 9.1702|23713/21724/21735/21746/21757 21767|21778|21789|21800/21810|21821 | 4 
43 | 21832/2£843]2185 3|21864)21875|21886/21896)21907|21918/21928|21939|21950 3 4; 
44 41960|2197 1/2198 2|21992|/22003|22014|22024/22034/22045/22056]22067|22077| 4] 9 
4S 2.2088|22098}22109|22119/22130/221 40/2215 1/22161/22172/22182]22193/22203] 5 10 
AO | 22214)22224)22235)22245|2225 5/22266|22276/22287122297/22307/22318/22228| ©] 2 
47. | 22338/22349 2235922370 22.380|22390/22400)2241 £122421|22431122442/22452 | 4 
48 | 22462/22472 22483/22495 2.2503/22513/225 24/225 34/22544/22554/22564/22574| 3] 6 
1.49 | 22585|22595|22605!22615}22625/22635|22645|22656|22666/22676|22086|22696 3| 8 
} 50 |5-92706/227 16/227 26/227 36/22746)22756)22766/22776/22786/22796|/22806|22816| 5 IO 
} 5x | 22826)22836/22846|228 5 6)/22866/22876)/22886)22896|22906)22915|22925|22935| I | 2 
§2 | 22945|/22955/22905|22975|22984122994|23004|23014/23024]23034/23043|23053] 21 4 
§3 | 23063/23073|2308 2/2309 2/23102/23112/23121/23131/23141|23151/23160/23170 3| 6 
54] 23180)23189]23199!23204|23218/23223/23237123247123257|23266/23276/23286) 4] 8 
55 | 23295123305/23314/23324/23333)/23343 23352123362 2337 2/23381|23391|23400] 5 Io 
§6 | 23410/23419]23429|/23438/234471234 5 7/23406)23476/23485/23495/23504/23514| T | 2 
§7 | 23523/23532123542/235 5 11/235 60)235 70/235 79|23588/23598|/23607/23616/23626| 2| 4 
§8 | 23635123644)23654|23603/2367 2/23681|23691/23700|23709|23718|237 28123737 3| 6 
59 238011238 10]23820|23829123833/23847; 4] 8 


—————— 


_ 23746|23755123765|23774|23783123792 
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TABLBE XXVIII. 


To find the LAT{TUDK by DOUBLE ALTITUDES, and the ELAPSED TIMER. | 


4 Hours, 
| M os 58 | 10S | 15% | 208 | 25 | 305 | 358 | 405 | 458 | 505 | 558 |Pro, pts. 
© |5-23856)23865/23874]23883/23892/23902)2391 1/239 20]23929)23938|23947|23956) s 9 
I} 23965/23974/23983123992|24001|24010|24019/24028|24037|24046/2405 §|24064| 1|2 
2 2407 3/2408 2|/24091/24099]24108)24117/24126/24135|24144|24153}/24162/24171| 2] 4 
3] 24179124188|24197/24206)24215|24224 2423alagaq1 24250|24259]24257|24276| 3] 5 
4 2.4235] 24294] 24302|24311|24320/2.4329|/24337|24346124 35 5|24303]24372/24331| 4] 7 
5 | 24389]24398|24407])24415|/24424)24433124441/24450/24458/24467/24476/24484| 5 9 
6 | 24493/24501|24510]245 19/245 27) 245 36/24544| 245 53]24501/24570|24578/24587| 112 
7 | 24595}/24604]24612124621/24629)24638/24646|24654|24663/2497 1/24080/24688| 2|4 
8 | 24696)24705| 247131247 22/247 30) 247 38)24747| 247 55|24763/24772|24780|24738| 3] 5 
9 |__24797|24805| 2481324822 24830 24838)24846)24855|24863 24871 24879/24838] 447 
10 15 -24896)24904]2491 2124921|249 29] 249 37|24945|2495 3|24961|24970/24978/24986] 5 8 | 
II | 24994/25002}25010}25018/25026|25035/25043/25051/25059|25067/25075125083| 1/2 
12 | 25091/25099]25107/25115|25123/2513.1/25139/25147/25155/25163/25171/25179) 213 
13 | 25187/25195]25 203]25 211/25 219)25 227/25 235125 243/25 251/25 259/25206/25274] 3 3 
14 | 25282/25290)25 298)25 306/25 314/25 321|25,329|25337]25 345) 25353] 25300|25368| 4 | 6 
15 |  2537/25384/25 392125 399|25 407/25.415/25423125430|25438/25445/25454/25460| 5 8 | 
16 | 25469)25477/25484)25 492/25 500/25 507/255 15]25523/25530|25538/25546)/25553] £|2 
17 | 25561/25569|25576125 584/25 591/25599|25607| 25614/25622 25629125637 25644] 213 
18 | 25652/25659/25667/25674)/25 682) 25689/25697125 7904/2571 2)25719125727/25734| 3 | 5 
Ig |__25742]25749]25757|25704|25771|25779|25730|25 794] 25801|25808/25316/25823| 4)0 | | 
20 15 -25831/25838125845/2585 3/25860]25 867125875125 882)25889/25897)25004/259IT| s 7 
2X | 25918/25926/25933125940]25947| 2595 5|25962|25969/25976/25934)25991/25998| |x | | 
22 | 26005}2601 3|26020/26027}26034|26041|26048|2605 6) 26063/26070)26077|26084| 213 
23 | 26091|26098)26105/26113|26120/26127/261 34|26141/26148/26155|26162|/26169| 3/4 
24 26170720183 26190|26197|26204|26211/26218]26225/26232/26239/26246/26253] 4}6 | 
2§ | 26260,26267/26274|26281/26288]26295|26301)/26308/26315/26322/26329/26336] 5 7 
26 | 26343/26350/26356/26363126370/26377|26384126391|26397/26404/26411/20418| r}1 | 
27 | 26425126432/26438)26445|26452/26459|26465|2647 2|26479|26486|26492/26499) 2/3 
28 | 26506|26512/265 19/265 26/265 32/265 39/265 46|26552/26559|26566/26572/26579) 3/4 | 
29 | 26586)26592126599|26605 |2661 2/26619/26625 |26632/26638/26645/26651/26658| 4/6 
30 |5-26665|2667 1126678}26684/2669 1)26697/26704/267 10|26717|267 23) 267 30|26736] 5 6 
31 |  26743/26749]26755|26762|26768)26775|26731|26788)267g4/26800| 26807/26813) 1{ 1 
32 | 26820)26826/268 3 2/268 39/2684 5/2685 1/2685 8126864| 26870/2687 7|20883/2688g) 2 | 2 
33 | 26896)26902]26908]26915|26921/26927|26933126940|26946|2695 2/26958)26965| 3} 4 
34 | 26971)26977/26983)26989|26996|27002|27008]27014| 27020)27027/27033/27039) 4] 5 
35 | 27045]27051|27057|27063|27069|2707 6/2708 2/27088/27094/27100|27106!27112) « 6 
36 | 27118)27124/27130]27136/27142127148|2715.4/27160/27166)27172/27178/27184| 1 |r 
37 | 27190)27 196/27 204)27208/27214)27220|27226/27232/27238/27244)27250/27256) 2/2 | 
38 | 27262)27268!27274127279|27285|27 291/27 297 |27 303/27 309/27 315/27320/27336| 34 
_39 |__27332/27338]27344/27350/2735 5|27301/27307|27373|27379|27394| 27390 27396) 415 : 
40 |§ -27402|27407/27413|27419|27425|27430|27436|2744 2)274.47/2745 3) 27459/27464) 5 5 
AI | 27470|27476|27481/27487|27493]27498|27504|27510)27 5 15}275 21/275 20/27532| 1 I 
42 | 27538/27543|27549]2755.4|27560127566|27571127577/27582|27588)27593/27599| 2} 2 
43 | 27604/27610|27615|27621/27626)27632|27637|27643)27648|27654/27659)27665| 3 | 3 
44 | 27670)27675]27681|27686)27692)27697|27703|27 708) 27713)27719|27724/27729| 414 
45 | 27735|27740|27746|277 5127756127 762'27 767/27 772/27777|27793)27798/27793) s 5 
46 | 27799|27804]27809|27815127820]27825 27830 27836/27841/27846/27851/27856| 1) 1 
47 | 27862|27867127872)27877|27882127888 27893|27898|27903/27908|27913/27919| 2 | 2 
48 | 27924/27929|27934)27939|27944|27949!27954|27959|27964|27979| 27975 |27980| 313 
49 | __27985]27990|27995|28000]28005}28010|2801 5/28020 28025 |28030 28035|28040) 4 4, 
§0 |§ -28045]28050]2805 5|28060)28065| 28070) 2807 5|28082|/2808§|28090| 28094/28099) 5 § 
§1 | 28104]28109]28114/28119]28124/28129 281 34/28133/28143/23148)/ 2815 3/28158) 11 T 
52 | 28163/28168}28172/28177)/28182)28187|28 rg1|28196/28201/28206, 28211/28215| 2) 2 
$3 | 28220128225/28230]/28234/28239/28244/28249|2825 3/2825 8|28263) 28267 28274 313 
$4 | 28277)28281|/28286]28291|28295|28300)28 305/28 309/28 31428319 23323 28328) 4/4 
$5 | 283321/28337}/28342|28 34612835 112835 5/28 360/28 364/28 369/28 374 28373/28383) s 4 
$6 | 28387/28392]28396]28.401/28405|28410/28414| 23.419/28423/28428 284 32/28437| 1/1 
57 28441}28446/28450/28.45 4] 28459|28463/28468|2847 2/2847 6/28481\28485|28490) 2/2 
58 | 28494)28498128503128507/285 12/285 16/285 20/285 251285 29]285 33/285 38/285.42) 3,2 
§9 | _2%546)28551]28555128559|/28563|285 681285 7 2/285 70/285 80/2858528589\28593 43 } 


MIDDLE TIME. 


TABLE XXVIII. 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


MIDDLE TIME. 


18k 


: 


5 Hours. 
m | os 5S | ros | 158 | 205 | 255 {| 305 | 358 | gos | 455 | 505] 558 tro. pis] | 

© |5 .28597/28602/28606|28610| 2361 4/286 19) 28623/28627/28631/28635/28630/28644] s 4 
286 48/2865 2}2865 6/28660/ 28 664/28 668) 2867 3/28677|/28681|28685|28689]28693| | 7 
28697|28701|28705|28709] 287 13/287 18) 287 22/287 26/287 30] 287 34/287 38128742] 2! 2 
28746/287 50/2875 4|28758/28762/287 66 287 70/287 74/287 78/2878 2|28786|28790] 312 
28793|28797|28801|28805| 28809) 2881 3) 28817/28821)28825 288291288 32 28836] 443 

288 40/28844|28848) 2885 2/288 56) 23860) 28863) 28867/2887 1128875 28879/28882] s 4 
28886|28890)28894/28898) 28 g01/28905 | 28909) 28913/28g1 6|28920/28924/28928] 1] £ 

289 31|28935|28939|28942) 289 46| 28950 2895 3) 2895 7/28961/28964}28968)}28972 ae 

2897 5|28979|2898 3| 28986 28990/23994| 28997|29001/2g004|2g008|2yo12/2g015| 3 2 
2.991.9|29022/29026|29029) 2903 3/29037/ 29040} 29044/29047|2905 1]29054}29058) 4] 3 

5 «29061|29005|29068}2907 2) 2997 5/2907 y| 2908 2) 29086) 2g08g| 29092/29096|29099] s 3 
2.9103|29106]/29110/291F 3/291 16/291 20|2912.3/291 27/291 30) 29133/29137/29140| 1] I 

29 143/29147/291 50291 54/2915 7|29160) 29163) 29167/291 70) 2917 3|29177|29180 4 I 

2918 3/29187|29190|2919 3/ 29,196) 29200] 29 203/29206/29209| 2921 3/29216/29219| 3] 2 
2.9222/29226)/29229|29232|29235/29238) 29241) 29245/29248) 29251|29254|/29257| 4| 2 

2.9260|29264} 29267 |29270/2927 3/2927 6/29279) 29 282/29 285/29288/29292/29295] 5 3 
2.92198}29 30129304 | 29 307/29 310|29313/ 29310) 29319/29322)29325|29328/29331| T] 1 

~ 29334|29337|29340|29 343] 29346)29349 | 2935 2/2935 5/29 358] 29361|/29364/29367| 211 
293 70/2937 3/29375|29378| 2938129384] 29 387/29 390|29393] 29396/29399/29401] 3| 2 
2.9404|29407|29410| 2941 3/29416/29419!29421|2942.4|29427|29430 29433129435] 4] 2 

20 |5-29438/29441/29444/29447|29449/2945 2/2945 5/29 458/29460)29453/29466/29468! 5 3 
2947 1|29474/29477|29479| 29482|2948 5|29487/|29490|29493|29495/29498|29501] 1} 1 
2.9503/29506/ 29509) 295 11/295 14/295 16/295 19) 295 22/295 24|295 27/295 29129532] 2! 1 

2.95 35/295 37|29540|/29542) 29545 |29547/ 2955/2955 2/2955 5|29558/29560/29563! 3] 2 

2.9565 |29508}29570|29573|29575)/29577| 29580|29582)29585) 29587)29590/29592 ne 

29§95/29597| 29599) 29602/29604/29607|29609|2961 1/2961 4/29616)29619|29621} 5 2 
29623)29626| 29628 296 30/2963 3)/29635) 29637|/29640/2964 2/2964 4129647/29639| 1]o 
29651|/29654 29656!29658 29660 29663 29665) 29667 )\29669| 2967 2|29674|29676) 2 iI 
29678 29681'296%3.29685'29687/29689 29691 2694/2966 29698)29700)29702| 3] 1 

29 | 29704}29707/29709'297 11)297 13'29715,29717 29719 29721)29724 29726|29728| 412 

30 5 +297 30:27 32|297 34'29736 297 38)297 40) 29742129744 24746/29748!29750|29752) 5 2 
31} 29754'29756/29758)29760)29762129764 29766) 29768|29770)2977212977.4|29776| 1 Io 
32 | 29778/29780|29782)29784)29786)29788 | 29790) 29791/29793129795 129797 (29799 at 
33 | 29801/29803/29805|29807)/ 29808/29810 29812/29814|29816/298 18/298 19]29821 3\1 
34 | 29823'29825|29827/298 28/298 30/298 32298 3.4) 293 35/298 37/29839)29841|29842] 4 | 2 

35 2.9844|298.46 29848) 29849|29351|2985 3 29854) 29% 56/2985 8)/29859|29861/29863) . 2 
36 | 29864 29866)29868|29869| 29871 2987 3/29874 2987 6|29878)29879|29881|29882| tlo 
37 29884/29886| 29887 29889|29899!129892)29893|29895|298g6 29895 29900|29901 | I 
38 | 29903/29904| 29906|29907|29909)29910)2991 2] 29913)29915)29916)29918]299T9] 3/4 
39 | 29920/29922/29923/29925|29926|29928|299 29] 299 30)29932/29933)29935/29930] 4| 2 

40 15 «29937|29939]29940)29942|29943] 29944) 29946) 29947|29948)/29959/29951|29952| 5 I 
4X | 29954|29955/29956)29958)29959)29960 29961) 29963/29964)29965|29966|29968 we 
42 | 29969|29970/2997 1/2997 3|29974)29975 2997 6/29978!29979] 29980|29981|29982) 2] 0 
43 | 29983|29985|29986)29937/29988) 29989 29990|29992/29)93) 2999 4|29995|29996 3] 
44 2.9997/29998] 2999930000} 30001|30003) 30904] 30005 30006] 30007] 30008}30009] 4] I 

45 | 300T0|30011)3001 2/3001 3/3001 4| 3001 §) 30016) 30017 |3C018| 30019] 30020]30C21, 5 I 
46 | 30022|30023] 30924) 30025/30026|30027| 30028] 30029130029] 30030] 30031|30032| 1] 0 
47 | 30033130034] 30035|30036) 30037 |30038) 300 38} 30039] 30049 3004 1) 30042/30043] 2 | fe) 
48 3004 3|30044 30045 |30046|3004 7| 30048) 30048] 30049] 3005013005 113005 1/3005 2] 3 | I 
TH] 49 | 30053/3005 4]3005 4] 3005 5/3005 6/3005 7/3005 7) 30058) 30055 30060] 30060 30061 4}t 
“60, § - 30062| 30062] 30063} 30064|30064| 30065 | 30066) 30066|30067| 30068) 30068|30069| 5 I 
§1 | 30070|30070)3007 1/3007 1|3007 2/3007 33007 3/3007 4]3007.4|3007 §|30075}30076| 1 | ° 
§2 | 30077|30077| 30078) 30078] 30079] 30079) 30080) 30080) 3008 1/3008 1130082|/30082| 2} 0 
§3 | 30083]/30083| 30084) 3008 4 3008 5] 30085 | 30086) 3C0086| 3508 6130087] 30087/30088) 3 | fe) 
§4 | 30088]30089/30089] 30089] 30090] 30090|39099) 3009C) 3009 I|30091|30092|30092| 4| I 

| 55 | 30093}30093| 30093] 30094] 30094] 30094) 3009 §) 3009 5|3009 5! 30096) 30096/30096| 5 I 

§6 | 30096/30097]30097|30097| 3009730098 )30098/30078| 30098) 30099 30099 |30099 te 
§7 | »30099|30100| 30T00]30100! 30100) 30100/Z30100/Z30F01|30701|3Z0101/Z30F01|30I01| 210 
§8 | 30101|30102|30102/30102|30102|30102/30102/30102|/30102|/30102)30102/30102| 3 | fo) 
§9 | 30403|30103|30103| 30103] 30103|30103! 30103|30103/30103| 30103 30103]30103| 4| 1 


| 182 TABLE XXIX, 
To find the LATITUDE by DOUBLE ALTITUDBS, and the ELAPSED TIME, 
Sk GRE a eee a NS TTL TRAST POT RTs ase 


RISING. 

0 Hour. 
| Qs 55 | 108] 158] 208 | 258 { 308 | 353] 4os | 458] 508 | 555 Pro. pts, 
iQ Ht 5 02436/21818137654| 5104416264217 287382024 90303 r 4 
9.97860 04813}1 1250/1724 2122848]28 114) 33079]37775142230|46468| 50509154370 
0. §$8006/61612}65019}68297|7145 517450317 7448/80296]8 305 4] 85 726/883 191908 37 


93284195 6641979301002 36/024 35104580}0667 3|08717|10714]12666/14575/16443 
«1827 1]20062]21817/235 37/25 224/26878) 2850213009513 1660] 33198/34708/36193 

3765 3] 349088) 40501|41890/43 258} 44605] 4593147 237/485 241497 92/5 1041/5 2273 

5 3438/5 468615 5868] 5 7034/58 184]593 20/604 40}615.47162639/63718]64784/65837 

~ 6687 7/67905]68920/69924|70917/71898}7 2869]7 38291747 7817571717 6046/7755 
78474179374|80265|81147|82019}828 54/837 39)/84587185426/8625 7/8 7080137595 

__ 88703]89504]90297191083191862192034193399|9415 7194909195 65 5/95394/97127 

IO |1.97854198574/99289|99998]00701 OT 399]02091|02777|03458/04134/04805 05470} s 603 
II |2.06131106786}07437|0808 21087 23]09359]09991 | 10618/112.40/11859|1247211 3082) I | 120 
12 | 13687|44288}14885|15477|16006]16651/17232/17809]18382|18951|19517|2007g] 2 

13 | 20638)211y2/2174.4/22292122836/23377|23925124449|24980)25503/2603 3126554] 31 361 
14. | 27273/27§%8]28100] 28609]29116)29619| 30120|30617|31112|31604]32093/32579] 4| 482 
T5 | 33063133544/34023!34498/3497 2135442135910] 3637 0130839) 37299137758)/38213] s 422 
16 | 38667/39118]39567|4001 314045 7|40899]41339|41770/42211142644|43075|43504 | 84 
17|  43932}44355|/44777|45198]45016146033|46447|46859/47270/47678148085|48490] 2 

18 | 48893/49294|49693150090]50486]50879151271151661}5 2050/5 2436/5 2321/5 3205| 3| 253 
19 | _53596|5 390015 4344)54721]55096]5 5469)558.41/50211|56580)56947/57313157070) 4] 338 


PSS dl | Rh 


lo cost orn soo. 0,| § 
i 


29 |2.580391584 158759 59117|§9474|59829| 601821605 34|60885|61234)61582/61929) s 326 
A C274 j2618)baye0 6330216364116397916431616465 2164987 |65 320)6565 2165982 | 65 
22 | 66312}66640166967|67 292167617 167940] 6826216858 3168903|69222|695 381693551 2] 130 
23 | 7O470}72483)70796/71108)71413)71728)7 20367 2343/7 2049/7 2954]73258}73501| 3| 196 


24} 73863174164)74404174762)7506017 535717505 217594770245 |705 3317082577116) 4 
25 | 77405177994177982]782691785 5 5|78840179124179407|79589|79970/8025 1/805 30} s 265 
26 | 0809/8 1086/81363/81639)81914]/32188}824 61/827 3.4]8 3005 |83276/83546/8 3815] 1] 53 
27 | 8 4083)84350/84617/8 438 3185148/35412]85675/85937|86199|86460]86720/86979| 2] 106 
28 | 87233)87496]4775 3188009|88265 1885 19]8877 3189027/89279/895 31/89782|90032| 3] 159 
29 | __90282/90531190779191027191273)9 15 20191765 |9201019 225 41924971927 39/9 2981) 4] 212 
32 |2-93223/93493)9370319394 21941811944 19]9465 694803195 129195 364195599]/95833] 8 223 
31 | 960671962991965 32196763/95994197 22419745.4]97 83197912/98140198367/93594| 1| 45 
32 | 98820199045]99270|99495199719|99942100164]00386|00608]00829]01049/01 269} 24 8y 
33. |3-01488}01707/01925 10214 31023601025 76102792103008]03 2221034 3710365 1103864) 3] 134 
34 04077)04289 045011047 12}04922/05 133105 34205 55 1105 760]05968/061 76/00 583} 4] 175 
35. | 06590,06795}07001}07 207197 411]0761610781 9108023108225 |08428108629/08831) s 194 


36 09032/09232 09432/09632/09331]T0029]10227}10425|10622/1O819|FIOL5|tr218} I] 39 
37 | 11406)/11601}11796] 1 1ggo}1 218 4412377112570)12762112954)13146]13337(13527| 2) 76 
38 |  13718/13908114097]14286|14475]14663]14850)15038]15225/15411/15597|15753) 3| 116 
39 | 15969}16154)16338]16522}16706]16889]17072|17255117437|17019|17800|17982| 4] £55 


40 13.18162]18343]18522]/18702|1838 1]19060]192.38]194£7119594|19771]19949| 20125] s 171 
41 | 20301]20477|2065 3]208 28]21603]21177121 351/215 25|21699|21872/22044/22217| I] 34 
42 | 22389122560)227 3212290312307 3123244/23474| 23583123753123922 it 24259 2| 68 
43 | 24427/24594|24762|24920|25095|25 262/254 28)25594125759]25924|26089)/26253] 3| TO3 
44.|  26418)26581/26745|26908|27071|27 234127 396/275 §8|277 20|27881|2804 2/28 203] 4 | 137 
45 | 28363128524)28683]28843|29002]29161/29320| 294782963 7129794|2995 2 30F0g) s 153 
46 | 30266)/30423/30579]30735|308g1 131047] 31202| 3135713151 2131 666/31820) 31974) I | 
47 3212832281 32434132587 1327 39|32892| 330441331 95/33347133498)/33049 33809] a5 
48 | 33950)34100)34250/34400134549}34698]34847134995/35 144/35 292135439) 35597] 3] 92 
Ad. _35734/35881 3602836175 |36321| 36467) 3661 3/367 58|30903/37048/3719 3/37333! 1} 142 
50. 13+37482137626)37770137914 


38057138200} 38 34 3138486138628] 3877013891 2| 19054] s 138 


5ST | 39195/39336|39477139018]39759139899)} 400391401 79|40319]49458/40547|40736| I | 28 
52 | 40875|41013/4115 2141 290141427/41565141 7021413 39/419 704 2£1 3/422§0/42386) 2} 55 

| 53.| 42522/42658]4279 414292043064] 431991433341434%9143003143737|4387 1144005 3 83 
54 | 44138/44272144405)44537/44670)4480 314.19 °5/45067145 194145 331}45402/45593) 4) 110 
55.] 45724145855/45986/461 16|4624 7146377] 46507|46636| 46766146895 |47024147153 s 125 
56 | 47282)47420] 475 39) 17667147 795|47923}48050)48177/48305 |48432/48558)48685| 1) 25 | 
$7 | 48811148938) 49064/49190].4921 5/4944 1149566] 49691145816/4994 1/50066| 50190] 2] 52 | 
§8 | 503141504338]50562}50686/50800] 50933}51056)51179151302181424]5 1547151069] 3). 75 | 
59 | §179T/§1913152035|5 2156]5 227815239915 25 2015 2641 52761152882 §3002|5 3122 4| 100 | # 


ie DE OE Byer ery 
- 7 ; 


weiss 


a 


tS Tere 


ote ee 


-) 


TABLE XXIX. 193 | 
To find the LatiTuDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


RISING. 
1 Hour. 
5$ | tos | 1581 208 | 255 | 3os | 358 | 408 | 45% | 505 | 558 |Pro. pts. 


§4670}54788 54905155023/55140155258/55375155492|55 608/557 2515584155958 
§607 4/5 6190 56300) 564211565 37)5065 2156767) 56382)5 6997/5711 257 226/57 341 
57455157509 $7083)87797|57910|58024] 58137| 58250158 363158476/58589158702 
§8814]589 26.5 9038/59150]59262159374159486)59597|59703)/5 93191599 30|60041 
60152160262 6037 3/60483/60593]60703/608 1 3}60923/61032/6114 3/6125 1165 360 
61469|61578 61686161 795|61903]6201 2|62120/62228/62336/6244216255 116265 

62766/6287 3 62980163087163194]63301/63407/635 131/63620163726/63832/6393 

64043]64149 64254/64360164465/645 70/5467 5|64780|6488 5|64989|65094/65 198 
65 302/65 406 655 10165614165 717/65821165924|60028/661 31 |66234/66337/66440 


| 10 |3.66542 66645 66747 668.49 66952 67054 67156 67257167359107461 67562 67663 
67800 6790710806768 108/68 269]68 369/684 69/685 70/68670/68770/68870 


82230/8231§/82400]8 248518 2570/8265 51327 39/828 2418 2908/8 299 3/33077 
8324618 3330/8341 418349818 3582/8 3666/83749/8 383318392 7/84000/8408 3 
8425018433 3184416/84499|84582|34665)84748|848 30/8491 318.4995/85078 
85324)85406/85488135 570185 65 2185 73418581 6185897/85979|86060 

2.3186 304186385 |864661865 47|86628/86709|86790/86870|8695 1187031/87112 
87272187 35 218743318751 3187593/8907 218775 2/878 32/8791 2)87991|88071 


P| 30 13-88150]88229/88 309/88 348/88467/88 5 46]88625|83704188783188862)538940/89019 
89097891 76/8925 418933318941 1/89489/89 567 [89645 /89723/89801/89379|89956 
90034|9OL12]9018g9/90267190244190421190498|90576)9065 3190730190807 |90884 
g0960]9 1037/91 114191 190|91 267/91 3.43/9142019149619157 2/91648)91724/g 1800} ¢ 

)18 76/9195 2}92028|921041921 7919225 §192331192406|9 248219255719 2032192707 
782192858)92933}93007|9308 21931 5719323219330619338119345 6/935 30/9 3605 
93753193827 19390119397 5|940491944 23194197 194271194 345194418)94492 


|9795° 
9°793 
99627 

99696199755 }99834}99903/99972100040]00109j001 781002471003 15 00384}00452 ‘ 
4.905 2,1]005 8910065 71007 26}00794]00862]00930/00998 |OT066jO11 34{OT 202j01270 
01337|0T405|/01 473101 §40|/01608]01675}01743}01810]01877/01945|0201 2/02079 
02146|02213102280/02347|0241 4102481|025 4710261 4/0268 1102747102814 |02830 
02947 |0301 3103080/03 14610321 2|03278103344103411|03477103542/03608)0367 4 
if 03740103806]03871103937/040031040681041 34104 1.99104. 265104330}04395 04460 
49 ©45 2610459110465 6)047 211047861048 § 11049T6}04980]05 045105 11005175 |05239 
50 14.05 304]05 368105 433105. 497 105561105 626/05 690105 754105 818105882)05946|cb0r0 
§1 | ©6074}061 38}06202/06266'063 3010639310645 7 |065211065841066481067 1 1106775 
06838]05901}06965 [0702810709 110715 4107 217107 280|07 343/07 400|07 469/075 32 
0759510765 7107720/07783/07845 1079081079 70,0803 3108095 |08157|08220105 282 
08 344108406108.468)08 5 3010859 2|0865.41087 16/0877 8|08840108902108964|09025 
09087 /09148)09210|0927 2/09 3331093941094 5 6|09517|09578|09640\09701|097 62 
098 23/0988.4|09945| 10006|10067|101 28/10188)/ 10249] 103 10|1037 1} 1043 1|10492 
105 §2|1061 3] 1067 3/107 34/10794/1085 4/1091 §|1097§|11035 | TTOQS|TIT§ 5/1215 
T1275|11335(01395|11458/TTS15/12575/11034|11694/17754/1 1813/1187 3117932 
11992|1205 1/127 U1[22170;12229)1 2289} 123.48|12407|12466 12525 12584|12643 


184 TABLE XXIX. 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME, 


RISING. 
2 Hours. 
58 158 | 208 | 258 | 308 | 355 | 405 | 458 


4.12702]12761]12820]12879]12938}1 2996] £305 5]131 14/1317 2/13231|13289/1 3348] s 57 
1340611 34651135 23|13581| 3640/1 3698/13756/13814/1387 2/13931|13989]14047| 1| 11 
14104}14162/14220/14278]14336)14394|14451]14508/14567|14625/1468 2114739 | 23 
1479711485 4|1491 1/14969] 15026|15083/15 140]15 298/15 255/15 312|15369|15.426| 3134 
15483115540115597|1565 3115710115 767/15824]1§880]15937/15994|16050]16107| 4] 46 
16163|16220]16276|16332|16389]16445|16501|16557|16614/16670/16726|16782] s 55 


os ros 


505 | 558 |Pro. pts. 


= 


ene a cs fee fen fs a | ef | ee | ef ee | ee 


4.19482]195 36|19590|19644|19698]1975 2| Ly806]19860]19914]19968]20022|20075| s 53 
20129] 2018 3}20236]20290] 20344|20397}2045 1]20505]205 §8|20611/20665/207138) 1 | II 


12 | 20771]20825}20878]20931|20984/21037/21091/21144]21197|21 250/21303}21356] 2| 21 
13, | 21409|21461|21514|21567|21620|21673)21725]21778/21831/21883/21936/21988] 3] 32 
T4 | 22041/22093}221 46 22198]22250/22303/22355|22407122459]22511122564/22616] 4| 42 
15 | 22668)22720]22772122824/22876)2 2928) 22980}23031/2308 3/231 35/23187/23238] s 51 

16 | 23290]23342123393123445|23496123548123599|2365 1123702|/23754/23805123850| I | 10 
17 | 23907/23959]24010]24061|24112|24163]24214/24265|24 316/24 307|/24413|24469] 2| 20 
18 | 24520)24571|2462212467 3|24723|24774124825|24875124926|24977/25027|25078) 3| 31 
Ig | _25128)25178)25 229/25 279]25 330] 25380)254 30] 2548 1125531125 531/25031/25081} 4| 41 


QI |, 26330/26380]26429|26479|265 29/265 78] 26628] 266771267 27|25776|26826|26875| I| 10 
22 2692412697 4]27023]27072|27121/27171127220)27269)27 318127 367|27416127465) 2| 20 
23} 27514|27563127612/27661)27710)27759127807|27856|27905127954128002|28051| 3| 29 
24 | 28099]28148]28197/28245|28294| 28 342128 391/284 39/28487/285 36) 28534128632) 4] 39 
25 | 28681|28729/28777|28825| 2887 3/28921|28969|29017|29066|29114]29161|29209] s 47 
26 | 29257/29305]2935 3]29401]29449/29496) 2954.4) 29592]29639]29087|29735/29782| I] 9g 
27 | 29830/29877|29925|2997 3/30020]30067 13011 5130162130209] 3025 7}30304|30351| 2 9 
28 | 30398]30445]30493]305 40] 305 87| 3063413068 1| 307283077 5/308 22) 30869] 30916] 3| 2 
29 | __30963]31009| 3105 6/31103/31150)31197/31243]31290]3133713138313!430)31476) 4) 38 
30 14.31523131569]31616)3 1662/31 709/31755/31801]31848/31894]31940131987|32033] s 45 
| 3I 32079] 32125|32171132217|32264)323 10132356132402/32448]32494132540/32586 "| 9 
32 | 32631/32677|32723/32769/32325|32860)32906| 3295 2/32997133043| 33089] 33134] 2118 
33 | 33189)33225|33271133316)33362/33407/3345 3/33498133543133599| 33034133679] 3| 27 
34 | 33724/33779133815133860/33905133950/33995|3404C134085]34130/34175134220] 4] 36 
35 | 34265134310134355|34400134444/34489|345 34) 34579/34023|346°8)/34713134757| 8 44 
36 | 34802)/34847/34891/34936134980)/35025135069/35 114135158135 202/35247/35 291 | 9 
37 | 35335}35380135424135468)355 121355 $6/35601/35645135689/35733135777135821| 2| 18 
38 | 35865)35999}35953135997 13004 1 [36085] 361 28] 361 7 2136216] 30260) 36303/36347! 3| 27 


39 |__36391/36435|36478]365 2236563136609) 3665 3) 36696/36740/36783|36827136870] 4] 35 
40 |4. 3691313695 7137000}3704 3137087137 130137173137 210137 260)37 303/37346137389| s 43 
4l | 37432137475137518]37561137604137647|37690137733137776/37819| 37862137905] 1 | 9 
42 | 37948]37990|3803 3138076] 38119] 38161 | 38204] 38247132 289/383 32138274!28477| 2/17 
43 | 38460/38502}38545|38587|3862913867 21387 14] 3875 7/38799|38541/38834|38920! 3| 26 
44 | 38968) 39010/39052/39095)39137|39179139221 139203139205 139347 |393891394311 41 34 
45 | 39473139515139557|/39599|39641 [39683397 25/397 66) 39808/39850139392|39933] s 41 
46 | 39975|40017|40058]40100] 4014214018 3140225 140266]40308|40349]40391/40432| I! 8 
47 | 40474/40515|40556140598140639]40680]40722|40763/40804|40845 140887140928 2| 16 
48 | 40969]41010]4105 1]41092|41133141174]41215141 256141297141 338141379141420| 3] 25 
49 __41461 415021475 43141583141624|41665|41 706141746141 787|41828|41868/41909} 4| 33 


50 |4-41950]41990]42031]42071|4211 2/425 314219314223 3142274|42314/42355142395] s 40 


SI | 42435)42476/425 16/425 56)42597|42637|426771/42717142758142798|428 38|42878] I | 8 
§2 | 42918]42958]42998]4303814 3078143118143158|43198143238|43278/43318143355| 2| 16 
53 | 43393)43437|43477|43517|43557|43597|43036/4367 6/437 16/4375 5|43795/43835| 3 24 
54 | 43374/43914)43953]43993|44032|4407 2144111|4415114419014422G/44209/443038] 4 | 32 
55] 44348/44387/44426]44465|44505|44544|44583|44622144662|144701|44740144779] 8 39 

56 | 44818) 44857/44896144935|4497414507 314505 2|45091|45 130145 169|45 208/45 247 | 8 
57 | 45286/45325)45363145402/45441|45480]45518|145557145596145634|45673145712| 2| 16 
§3 | 45750145789145827145866]45905|45943]45982146020146058|46097|461 35/46174) 3| 23 
59 | 462121462501462891463271463651464041464421464801465 181465 56146595146634) 4 | 3% 


PS Ee Li RE OR TS ES CS 


a ce a 


> = ae 


PABLED XRIN. > 185 


‘To find tie LATITUDR by DOUBLE ALTITUDES, and the ELAPSED TIME. 


RISING. 


3 Hours. 
os 5* | 108 | 158 [{ 208] 258} 308 | 3581 408] 455 | 50% | 558 |Pro. pts. 
4.4667 1146709 46747)46785/46823/46861)/46899/4693714697 514701314705 1/47089 


Jo ons An dO YW HO 


IO |4.51209/51145 § 1181/5 121751253151 289/51 324151 360]5 1396/5 1432/51467|51503 


47127147165'47 203147 241147278147 316147 354473921474 30147407147595/47543 
47580147018 47656/47693/47731147708}47806!47343/47831/47918/47950/47993 
48031148068 48 106/48143148 180148218] 48255] 48292148 330/48 3607/48404/48441 
48479]485 16 4855 3148540]486271486641487011487 3914877 6/4881 3) 48850/48887 
48924148961 48998/49035/49071/49108]491 45/4918 214921914925 6/49293/49329 
49366] 49403/49440/49476149513/49550]49586|49623) 49660} 49696) 49733149769 
49806] 49842) 49879149915]4995 2/4993] 50025 |50061|50098]501 34/50170}40207 
50243]50279|50316|50342|50388]50424|50461)50497|505 33/505 69/50608| $0643 
§0677|507 14|50759|5§0786|50822/50858)508y4|50030]50966]§ 1002|51038]5 1073 


§1539/51574)5 1610/5 1646/5 1681/51717 51753]5178815 182415 1859151895|51930 
§ 190615 2001|5 2037)§ 207 215 2107/5 21.4 315217815221 2/5 2249/5 2284/5 2319/5235 5 
§ 2390}5 2425/5 2461/5 249615 25 3115 2506/5 26015 2636]5 2672/5 2707/52742|52777| 3| 21 
§ 2812]52847|5 288215 2917/5 295 2]5 2987] 5 302215 3057|5.3092|5 312715 3162153197] 4| 28 
§3231/53206|5 3301/5 333615337115 3405] 5 3440/5 3475]53510/53544153579|/53014] s 34 

§ 3648]5 3683)53718)5 375 2/53787|5 382115 385615389115 3925153960] 53994/54029| 1] 7 
54063)54097/54132/54166|54201|54235154269/54304|5 4338/5437 2|54407/54441| 2] 14 
54475|54509|54544]54578|5461 2/5 4646] 54680)/54715|54749154783/5481 7/5485 1] 3| 20 
54885154919/54953154987|55021/55055155089/5512315 5157155 191155225/55259] 4] 26 


20 |4.55293155327|55300|55394155428155462155496155529155563/55597/55030|/55004] » 33 


5569815 5§732155765|155799|5 5832155866] 5 5990/5 5933]5 596715 6000]56034|56067 | 7 
56101|56134|56168]56201|/56235|5626815 630156335 56368|56401 56435156468] 2 

§ 6501/1565 3.4|56568]5 6601/5 6635|56668]56701|567 34 56767 56800]5 6834 56867 3| 20 
56900] 5693315 6966)56999|5 7032157065 |5§'7098]57131|§7164|57197/57230/57263] 4] 27 

§ 729915 7329|5 73625 7395/5 742815746015 74931575 2615755915 7592/57025|57657| 8 32 | 
§ 76901577 23157755|57788/5 7821/5 7854] 5 7386/5 791915 7951/57994/58017|58049] I| 6 
58082158114 §8147|/58179|5 821 2/58244/58277158309/58 3425837415407 58439] 2113 
§8471/58504|58 536/585 68/5 8601158633) 58665 |5 8698587 30/587 62|/58794/58527| 3| 19 


$88 §9)58891/58923)58955|58938|59020] 5905 2159084] 59116|59148]5918C] 59212) 4] 26 


30 14.59244|59276]59308159340159372159404|59436]59468]59500]59532/59564/59596| 5 32. 


‘wy 


61388316191 4161945]61976|62006|62037/62068162099|62129/62160/62191/62222] 2 


$9627159659] 596911597 231597 55|59786)59818/59850159882159913]59945/59977] T| 6 
60008]60040| 6007 2/60103/60135}601 67601 98|60230/60261160293/60324/60356| 2] 13 
69388/60419|60450)6048 2/605 1 3]605 45|605 76|60608)606 39)60670|60701)60733) : 
607 64|60796)608 27/608 5 8}60890|60921|6095 2/6098 3/6101 §/61046161077/61108 
61139/61171/61202/61 233/61 264/61 295161 326/61357161388/61419|61450/61481 
615 121615431615 74161605 161636|61667161698/61 729161760161 791/61822/61852 


6225 216228 316231 31623446237 562405 |624 36|62466|62497|625 28/625 58162589] 3| 19 
62619/62650|62680)62711|6274 1/6277 1]62802|628 32/62863|62893162923)62954] 4] 95 


4.62984 6301463045 |63075163105|631 36/631 66 63196|63226/63257163287/63317| 8 30 


63347/63377|03407153438]63463/63498 
637081637 38/63768163798/63828/63858 
64068|64097)|64127164157|64187|64217 
6442516445 5/64484/64514164544164573 
64780}648 10/648 39/64869164898)6.4928 
65134|65 163165193165 222|65 25 1165 281165310165 339/65 369/65 398)65427165456] 1] 6 
65486165 515165 544]65573/65603/65632/65661|65 690/65 719/65 748/65 777|65806) 2| 12 
658 36165865165894|65 92316595 2/65981|66010|66039|66068/66097|661 26/6655] 3] 17 
66184/66213)66242/66270166299/663 28/6635 7|66386/6641 5|66444/66472)66501| 4] 23 


635281635 58|/63588/63618/63648/63678] I | 6 
63888 (63918/63948/63978|64008/64038] 2 

64246/64276|64306/64336/64365 164395] 3| 18 
64603|64632|64662|6469 2|64721/64751 
6.495 7|64987 |65016/65045}6507 5/65 105 


50 14.665 30/665 59166588|66616|66645|66674|66702|667 31 [66760|66789|60817/66846] s 29 
6687 5|66903/66932 66960/66989|67018|67046|6707 5167 103 67132 67160167189 1| 6 


67217167246/67 274/67 303 67331|67360)6738816741616744 5167475167 5021675 30 
67558167587|67615|6764 3/6707 2|67700|67 728167 7561677851678 3/67 84167809 
67897167925|6795 4|67982|68016/68038|68066|68094)/68123|68151|68179|68207 
68235 |68263/68 291/683 19 68347|68375|68403|684 21/684 59)6848716385 15168543 
68571|68599|68627/6865 416868 21687 10/687 38/687 66168794|63821168849|68877 
68905 |68933|68960 68988)69016 69043}6907 1|69099|6g127|6915§4/69182/69210 
69237 |69265|69 292/69 3.20/69348169 375169403694 3016945 8|69486)69513 954° 
69568169595169623169550169678)60705|697 3316976016788 |6981 516984216987 

- AA ; 


2,I1t 
AES 


4 


mre 


— 


a CNIS 


188 TABLE XXIX. 


To find the LATI1UDs by DOUBLE ALTITULES, and the ELAPSED TIME, — 
RISING. 
4 Hours. 


m | os | 55 | ros | 458] 208 | 258 | 308 | 355 | 408 | 45% | 503 | 555 |Pro. pts. 


4.69897 69924 69952 69979 70006 70034170061] 70088|70115 70143 
7022417025 2170279170306] 703 33/70300|70387|70415}70442 70404 


mM : 
re) 7O17O}7OIg7| s 27 | 
3 79496|70523) 1] 5 } 
2} 705§0/70577/70004/70631| 7065817008 5/7071 2)707 39|707 667079 3/70820]/70847| 2,11 | 
3 | 70874)70901]79928]7095 5] 79982|7 1009] 7 1036/7 1063/7 108y'71116/71143/71170} 3116 | 
4 | 71197]71224)71250171277)713041/1331/71357|71384|7 (41171438)7 146471491 4| 22 
§ | 7£518171544171571/71598|7 162417105 1171678171704 71735|71757 71784|71810| s 26 
6 
7 
8 

pie 


71837|71864]7 1890]7 1917|7 194317197017 1996)7 2023/7 2049 7 2075/7 210272328] I] 5 |: 
72955172181|72208]7 223417226017 2287/7 2313/7 2339/7 2300|72392/72418172445| 2] 11 
7247%|7 2497172523] 7 25501725 76}7 2602) 7 2628)7 2055)7 2081 72707|72733}72759| 3| 16 | 
72.785}7 2812|7 283817 2804/7 2899)7 291917 2942/7 2908 7299473020 73046)7 3072) 4] 21 

: 


10 }4.73099|73125173151)73177|73203 73228173254 7328017330617 3332 73358173384] s 26 
Tl 73410}7 3430/7 3402/73488/73514/73539|7355)73591/7 3017 7343/7 3008) 73694 i 5 
12 | 73720173749173772173797|73323|7 384917387417 3900] 7 392 7395 1173977174003] 2 
1g) 74028)7405417408017410517413117415 717418217 4208174233174259174204174310] 3| 16 
T4 | 74335174301|74386]74412174437)}74403/744881745 141745 39'74595|74590|74016} 4| 21 
15 | 74641/74066/74692174717| 7474217 4763)74793|7 4918174844 7480917 4894/74920| s 25 
16 74945|74979|74995175921|75040)75097 117 §0y0 75422175147175172 75197)75222| I} § 
17 | 75247175273/75298|75323175348|75373|75398|75423175449;75473175493|75523) 2| 10 
18 | 755$4975574|75599|75524)75049)75074|75699|75723175748)75773|757981758231 3) 15 
29 | _75848)75873|75898)75923;75948)75973}75997|76022|76047 |76072|70097|70221) 4 | 20 
20 14.76146)76171|76196|76221|76245176270|76295176320|76344179309176394/76418] s 25 
ar | 7644 3|76468|76492|76517|76542176506)76591|76615|76640176665|76689]76714| I] 5 
22 | 76738176763176787/76812|76836)76861/76885|7 69 10}76934|76959|76983177008| 2} 10 | 
23 | 770321779877 7934177 105177 130)7 715417717917 7 203177 22777 25 2177 2761773001 3 15 
24 | 77325177349]77373|7739817 7422177440) 7747017 749517752917 7543177997 |775921 4] 20 
2§ | 77616177640)77664177638)77713)77737177761|77 78517 7809)7 7833|7 7857177982] s 24 | 
20 | 77906)77932)77954177978|78002|78020| 7805 0/7 807.4)78093/78122178146/78170] I] 5 | 
27 | 78194|78218}78242]78266|78290|78314|78338/78361|78385|78409| 78433178457] 2| 10 
28 | 78481)78505|785 291785 5 2|7857678500|78624|78648)7867 1)78695|787 19178743) 3 | 15 
29 | 78767178799|788 t4) 783 38|78361|78885|78909|78933|78956|78980|79004|79027| 4] 19 
| 39 [4-79051|79974/79093]791 22179145179109179192)79216179 2.40/79 263)7928717 9310) s 23 
31} 79334\7935717938117940417 942817945 117947 51794981795 22179545 1795038179592 7 5 
32 | 79915179639|79662)746361797091797 321797561797 79|79802|79326179349|7987 2) 2 
33 | 79896)79919]79942|7996517993g|8201 2180035 |8005 918008 2180105 8012880151} 3] 14 
34 | 80175]80198]/80221/80244180267|30290|8031 4180337 1B0360/8038 3/80406/804 24 3 
35 | 80452189175180498]805 211805451805 68/805 91|80614|80637180660/8068 1|/80706] 5 23 
3 807 29/8075 2180775 |80797|80820/8084 3|80866/80889|809 1 2/80935|80958|S098T) I] 5 
37 | 81004|81027|31049|8107 2|81095|81118]811411811631811386/81 209|81232/31255| 2] 9g 
33 | 81277181 300181323181 346181368]: 3911814141814 37/8145 9)0% 482181 505181527| 3/14 | 
39 | 81§50181573181595|81618)81041 [81663/81086:8 170818173 1)81754/81776131799] 4] 18 q 
40 |4.81821/81844)81866)8 1889/8191 118193418195 6/81g979/3 2001/8 2024|82046)8206y] 5 22 | 
41 | $2091/321 14/821 36182159/82181|82203/82226/82248/8227118229 3182315182333) I | 4 | 
42% | 82360)82382182405|82427182449|8247 2/82494/8 25 16/825 38|82561|/82583182605] 2 i 
43 | 82628/82650)82672/82694/82716182739|82761|82783/82805|82827182850/582872| 3/13 1 
44 | 82894|82916/32933182960|82982|8 300418 302618 3049)8 307 118309 3/8311 5/83137| 4| 19 | 
45 | 83159|83181/83203/83225183247/8326918 3291/8 331318 3335183357/93379/93401] 8 22 
46 | 83423/83445 [83467 /8 3488/8335 101835 321835 54/835 76183598|83020/8 3642(83663] FT] 4 7 
47 | 83685/83707183729/83751183773!83794)83316)8 3838)83860/8 3881/8 3903/83925| 2] 9 | 
48 | 83947|/83968)83990|8 4012/8403 318.495 5/8.4077|84099184120/84142/84164/84185| 3/13 | 
49 | 84207 84229 8425018427 2184293184 315184 337(84358]8 1380184401 184423184444] 4] 17 fF 
50 14 84466|844881845091845 3118455 2184574184595 |34617/84633/846591846311847021 s ar FP 
St | 84724184745184767/8.4788)/848 1018483118485 218 4874)84895 1849 10/849 38184959] I] 4) 
§2 | 84981)85002/85023185044/85066)/85037|85 108/85 130/85 151/85172/85r94\85215| 2. 8 | 
$3 | 85236/85257|85 278/85 300185321185 3.42)85 363/85 385185 406|85427/85448/85 469 se : 
34 854901855 121855 3.41855 5.4)85575)85 596|85617 8563818565985 680/85 701/85 722 4 
55. | 95744185 765)/85 786]85307/853231858491858 7018589118591 2/859 3318595 4185975] s 21 | 
$6 | 8§996186017|86038)8005 186079196 100186121 |86742 86163|86154 85205 |/86226] 1] 4 f 
§7 | 86247|86267|86288}36 309/863 3018635 1186372/86 3921864 1 3/364 74/8645 5(86475| 2| 8° 
86496|86517 1e5 Bee 8s7186579 86600)86621|8664 1186662/86638 3|86704|185724{ 3 
$67 451367661867 86|86357|868 28126848 863691868891869 10/849 31 {8695 1186972 


TABLE XXIX. 187 
Yo find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


) 

] 

{ 

| 

| RISING. 
| & Hours. 
| 

| 

! 


258 | 408 | 458 | 505 | 558 Pro. pts. 


87136/87157|87177187198/87218 iso, | : 
$7382/87402/87423187443/87464| I : 


M os 58 | 7 108 | 158 | 208 |*255 | 308 


© |4.86992187013 87034 $7054187075|387095|87116 
87239187259 87 280/87 300137321 87341 87362 


I 
2 | 87484187505 875 25187545|87506]87536 § 7606189009 87647187667187653/87708] 2 
3. | 877281387749 87769/8778918730g/87330)87 7%50)87870 87890]87911/87931/87951| 3/12 
4 | 87971)87992 8801 2)3803 2/8805 218807 2/8609 3/887 13/8813 3188153 88173 88193 4| 16 
5 83 13188234. 83254/382 74188294 88314 88334/88354 88374 88 394/88414/388434] s 20 
6 | 88454188474 $8494/885 141885 34/385 54/88574188594/88014/88634/33054/88674] I | 4 
7 88094/88714 88734188754 387 74|88794]888 141883 34/8885 318887 3|88893 B8gr4 2 
8 | 88933/88953:83973/88992 89012 89032/8g05 2/8907 2/8g091/8g111/89131/89151] 3] 12 
_9 | 89171 89190/89210/8G 89230)892.50/89 269/8928g/89 309/893 28/89 3.48/89368)/$g 588) 4] 16 
To [4.89407 89427/89447 89466|89486/89506 89525 89545 89564 89584189604 89623] 3 Ig 
TL | 89643/89662 89682 89702|89721/89741|89760189780 89799/89819/89838/89858) 1! 4 
12 | 89377189897/89916189936|8995 5|89975|89994|9001.4|9003 3/9005 3|90072|g0091| 2| 8 
I3 | QOL1I1901 30,90150/90169/90188|90208] 90227 190247|90266|90285]90305|g0324| 3| 12 
14 | 90343190303'90382]90401/90421}90440 9045990478 go4g8!yo5 17 995 30/90585 4}.16 
15 |} 90575/90594/90613]9063219065 2/9067 1|Q06go 99709}907 28 go748190767/90786] s 19g 
16 | 90305}90824190843/90863}9088 2/g0901|90920|909 29 )90958|g0g77|\GOQQb/gTOZ*| IT] 4 


i gg A 
. 


17 | 9034/9105 4/91073)9T092I9TI11/911Z0}9T149/97108/91187\91 206/91 2251912441 2} 8 
18 | 92263191282 91 301|91320191339|91358]91377|91 390/91 414/9 1433 91452194471] 3/11 
319 |__ 91490191509 9152 8)9 154719156991 585191603 /9162.2/91641 |9 1060/1679 91698) 4} 15 
20 \4. 91716 91735 9175 4191773191792 g18ri 91829 91848)91867 91886 J1904/91923] s 18 
QI} 91942191961/91979191998]92017192035]9205.4/9 207 3/9209 2/92ETO}Q21 29 92148 t1i4 
2% | 92166]92185)92203192222192241192259/92278)92297/9 237 519233419235 2192371| 2) 8 
23.1 92390192408/92427|92445 9246 2483192501|925 1g|9253 38192556192575% (2593| 3/11 


92796|92815| 
93917193035 


1 24 9261 21/92630/92649/92667 92686 92704 92723/92741 92760 927 78 4 
25 9283319285 119287019 2888/92907/92925|92944192 962192980}92999 s 
20 | 93054193072/93090]93109|93127/93145|93164/93182/93200|93218)93237/93253] I 
27 | 93273)93291|93310}93328}93346|93364|93382193401193419|93437193455|93473| 3 
28 | 93492193510193528/935461935 64/9 3582]93600)93619|93637|93655193673/93691| 3 
29 |__93799193727|93745 937 63/9378 119380919381 7/9283619 385419387 2193890/93908] 4 
“32 |4.93926192944193962193980193998194016]9403419405 2|94069|94088|94105|94123] s 
BL | 94141/94159|/94177194195194213|94231194249194267194284/94302/94 320194338] I 

| 32) 94356194374/94392194410194427194445 94403 94481 94498194516194534/94552] 2 
33 | 945701945$7194605 19462319464 1/94658}94676|94694194711/94729194747/94705| 3 
34 | 94782}94800/94818}94835/9485 3194871|94888]94906|94924194941194959|949761 4 
35 | 94994195012195029]95047195065}95082/95100|95117195135195153/95170|95 188] s 
36 | 95205195 223195 240195 253195 275}95 293195310195 323195345195 303195 380195398] I 
37 95415 95433 95450/95408]95485195 5021)5520195 537 95555 95572 95589195007 2 
38 | 95624195642195059195676}95 694195711957 28)95746)95 763195780195 793/95815] 3 
39 | __95832195850)95867195884/9590219591919593619595 319597 1/95988]90005)Q0022) 4 
40 4.90040 960§7196074|96091|96109196126/96143 96160|96177|96195|9621 2196229} s 
4E | 96246)96263/95280|96297/9631 5196332195349 ,96366196333196400/9641 7196434] I 
2, 

3 

4 

Ss 

T 

3 

4 

$s 

I 

es 

3 

4 

Ss 

I 

g 

3 


bes 


tan 
Bes, 


LO LS. LE aS.» a 


fe ST 


ae ee 


ae] 


jet 


TP ee et se 


eR ee es eee 


42 | 96451/9646y)40486]965031965 201965 37196554/9657: 06583 96605 96622196639 
1 43 | 9665619667 3}96690196707/967 24196745 967581967 7519979 2196809190826 96843 F 
44 | 9686019687 7/968y419910196927|96944) 96961 196978 |96995 19701 2197029197045 
45 |  97962197079|9709|97123/971 30197147197 163/97 1809/9719 7197214)97 235/97 247 
4 46 | 97264)97281/97 298197315197 332197348197 365 197382197398 97415197432197449 
| 47 | 97465197482/97499/97515 97532 97549]97565|97582/97 59919 767 5)97 7632197049 


ha eg oe =) ee 
Cn oe yp A ~~ Me ~ 
& 10's Sa > On tr On %D 
ARTS ELS RE ET RIT PE ER EES CRE ONES BEVEL GST EIT TS ta LIT) IAS PTT EOS 


48} 97665197682|97699197715197732197749197765 197782197 798197878978 3397848 
|. 49 | -97865197881/97898/97914197931197947|97964/9798 1|97997|9803 4198030 98047 
SB) 50 {4. 4.98063 98080)98096/98113/98129 98145|98162 98178]9819519825 FIg52 5229198244 
y §I | 98261198277)g3293/98310198 326/98 3431983591983 75 198392198408198425|98441 | 3 
52 1 98457198474)98490 985069852 3198539198585 98377 1198588 |98604198520)/98637 7 
53 | 98653198669)98686\\)8702 98718198734 93751 93767 93783198799|98816|98832) 3! 10 
$4 | 98848198864\98880)9%897|y$91 3198929198945 \93961198977 98994 990T9\99026 | 13 | 
| 55 | 99042}99058) 9907 4)99090\99107}99123!09139/99155199177|99537)99203:992T9} s 10 
| $6; 99235/99251199267|99284/99300|99314199332199348|99364|99380)99390/99317 i 3 
| ¥ }  99428)99444199460)99476,99492199 081995 24199540199556/9957 2/99587|99003 : 
| B | o9éryiooess 99651 9906799683 99799|997.15199731199747|99703 vo77Bion793) 3 
99810]998 2619984 219935819937 3199889199995199921199937 19995 3199968199984; 4 3 


188 TABLE XXIX. 
| To find the LATITUDB by DOUBLE ALTITUDES, and the ELAPSED TIME. 


RISING. 
6 Hours. 
M os 5s | 1o8 | 158 | 208 | 258 | 308 | 358 | 408 | 455 | 508 | 555 |Pro. pts. 


2 ees Pe ee eee ee ee ee ee 
—— | ———. ——. 


1 | 0018g]00205|00221]00236)0025 2/00268}0028 310029')1003 1 5 |00330100346}00362} 1 3 
2 | 0037710039 3100409|0042.4/00440]004 56/0047 1100487 100502/005 18/005 34100549] 2] 
3 | 00565|00580/00596}0061 2}00627 10064 3/0005 8}0067 4400089}00705}007 20100736] 3| 9 
4 | 00751]00767|00782100798|008 1 3}008 29/00844/00860j0087 5/0089 1}00g06}00922} 4| 12 
§ | 00937/0095 3}00968}0098 4]00gg9g]OTOT 4/O1930/01045/OL0O1|OI076/O109T|OIIO7| 9 T5 
6 | OLf22/OLIZ8/O1T§ 3/011 68/0118 4/OLI99|01214}O1230/04245/01 260/01276]o01291} I 3 
7 legos uhhh 01 337/01 35 2/01 368101 333/01 398}01 41 3/01429|01444101459]01474] 2 
8 | OF4golor505/OL5 20/015 36/0155 1/015 60)01581/01 §96]01612\01627101642101557] 3| 9 
g | .01672/0168%101703/01718/01733}01 748/01 763/01 779101 794/01 809}018 24101839} 4] 12 
10 


5.0185 4OTBHg|OT8841OLQOOJOIYT5|O1939j01945/O1960]0197 §}01990}02005|02020] s 15 


PII | 02035102050]02065 ]02080}0209 § |02 1 10]09125]02440/021§ 5102170]02185 102200] I | 4 
12 | 02215102230]02245]0226010227 5]02290]02305102320]02335|02350102365|02380} 2| 6 
13 | 02395/02410]02425|02440/0245 5102469102484]02499}02§ 14|025 29]02544]025 59 3| 9 
14 | 025§74102588]02603|02618}0263 310264310266 3102677|02692102707102722102737| 4| 12 
1§ | 02751/02766102781j02796/028 £ 1028 25}02840)0285 5/02870102884o28ggjo2g14] s 15 
16 | 02928]02943102953]02973}02987}03002}0301 710303 1|03046]03061}0307 503090 i 3 
17 | 03105/03119]03134103149}03163}03178103193/03207103 222103 23710325 1103206) 2] 6 
18 0328010329 5103310]03324}/03 339103353 03368/03 382103 397103412103426|03441| 3) 9 

b 1 19 | 03455103470103484103499]035 1 3}035 2810354210355 7103571104586/02600}03615| 4 12 
b | 20 [5 .0362910364 410365 8/0367 2/03687 103701037 141037 301037451037 591037 74103788) s t4 

QI} 03802/03817103831103846103860}03874/03889103903|039 18]03932103946]03961) I | 3 

22 | 03975103989]04004]04018]04032104047/04061 10407 5|04090j04104/041 18104732] 2] 6 

23 | 04147104161/04175}04190]04204]04 218/04 23210424710426110427 5104281) 04 303 3] 9 
24 | 01318]04332/04346/04360]04375/04389|04403}04477104431104445]04460|04474| 4] 12 
25 | 04488]045021045 161045 30104545]04559|0457 3104587104601 10461 5|04629|04643) s 14 
26 | 04657104672|04686}04700104714|047 2810474210475 6104770|0478.4|04798104812 r| 3 
27 | 04826/04840]0485 4104868 |0488 2104896/0491 01049 2410493810495 2104966/04980] 2; 6 
28 | 04994]05008]0§022}05036/05050]05064}05078105092|05 10605 120]0513.4|05148] 3 | 9 
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+ oe eRE ETE Te tra, tha vibes ae : 
&4 0 9. 998658 854218426/8311/18197| 192 | 54 O Ig. 9.993083 7970 7857 7745|7635 “187 
TO 865 31853718420/8305 18190] 193 if) 807617963|785017737/7626| 188 
20 8643/85 31/841 4/8299/8134] 193 20 8069179551784217730/7618| 188 
20 864 3185 26/8 409 $293 8177) 194 30 806317948|7835/7722/7610| 189 
40 8638/85 21|8403/8287 18171] 195 40 805617941 7327 7714 7604 189 
SE} 8633)8515|8397/8281)8164) 195 50 80491793417820/7706|7594) 190° 
55 9 |g. 9.998628 85 10/8391]8275/8158] 196 } 55 0 |g. 998042 7927 7812 7698 7586 “190° 
IO 8623/850418386/8269/8151] 196 fe) 803517920|7805|7690/7577] 191 
20 8613|8.498)/8380/8262/8145] 197 20 80281791 3/779817683)7569| 191 
3c 861 318493/8374/825 6/8138] 197 30 802217905|77901767517561| 192 
40 8607 8488/8 368/8250/8132) 198 40 8015}789817782)7667\7553] 192 
50 8602 8482 8 363 8244 8125 198 50 $008]/7891|777517959 7545 193° 
56 © |9.9985971847718357|8233/8179| 199 | 56 © |9.998001|7884/7707|765117537| 193 
10 8592/8471/83514 8232/8112] 199 10 7994|78771770017644)7528] 194 
20 8587)8466|8345|/8225|8106] 200 20 7987|78691775 21703617520] 194 
30 858218460183 3y}8219/80gy] 201 #30 7981|786217745|7628)7512| 195 
40 85771845 5|8.234/8213|8093| 201 40 79741785517737|762017504| 196 
50 __ 8372 3449 8328 8207 8086] 202 50 7967|7848 773° 7612/7495] 196 
57 © 19. 9.998567 8444 8322 8201/8080] 202 $7 © 19.997960 784117722 7604 7487| 197 
fe) 85621/8439/8316|8195|8073] 203 fe) 795317834 174517598 7479| 198 
20 8557/8433/8311/8189 8067 203 20 7946|782617707,7588/7470] 198 
30 85,5 2|8428]8 305/318 3/8060] 204 30 794017819}7700}]7580)7462) 199 
4p 8546/8423/8299/3177|8054) 205 49 7933178121769 2|7572|7454| 200 
50 8541 8418 8294 8171 8047 206 50 7926|7805|7055|7564 7446 200 
58 0 |g. 998536 841 2|8288 8165 8041] 206 58 © |9.997919|77981767717550 7438 201 
TO 85 31|8407|8282/8159)8034] 207 10 791217790|767017549 7429] 201 
20 852618 401/8 276/815 2/8028} 207 20 790517783|766217541|7421] 202 
30 85 21|8396/8271/8146|8021| 208 30 7899177761765 51753317413] 203 
40 85 16|8391/8265|8140/8015] 209 40 7$92177691764717525|7405| 203 . 
50 8511 8335 8259 8134 8008] 209 50 7885 770217640)7517 7396 204 
59 Og. 993506 8380 8253 8128\8002| 210 59 © |g. 997378 77541763217509 7388 204 
10 8501 8374 8247|8122|7995] 211 TO 7871177471762517501|7380] 205 
20 8496/8 369|8241/8115|7989| 211 20 7864]7740\7617|7493 7371 2.05 
30 8 491|8363/8236!8109'7982| 212 30 985817 733)701017486|7 363! 206 
40 8486)8 358182 30|8103/7976] 212 40 78511772517602|7478]7 aoe 206 
50 8481 835 218224|8097 7999 213 50 7844 771817594 747°|7347|_207 
60 © 19.998476]8347/8218/8091/7963] 213 | 60 0 |g.99783717711|7586|7462|7339] 207 
10 8471|8341|/8212|8085 7956] 214 ste) 783217704'7579|7454/7330| 208 
20 8466/8 336|8206|8078:'7950] 215 20 782317696757 11744617322] 208 
30 8461/83 30/8 201180727943] 215 30 781717689 '75641743817314] 209 
40 845518325|8195|38066.7937| 216 40 7810 708217 5501743017306] 210 
50 8450/8319 B18 80607930] 2164 . 50 7803)7675, 7549 7422/7297| 211 
61 © 19.99844518314/8183/8054 7928] 217 | 61 © |9.99779617667'7541|7414]7290| 211 
10 844018 308!8177/8047.7917| 217 10 778917660 753417407/7 281} 212 
20 8435185031817 1/8041 7911] 218 20 7782 7653 752617399|7273) 213 
30 8430/8297|8165|8035 7904] 218 30 777517046 731917391,7265| 214 
40 8425 |8292|8160 80%9 7398) 219 40 778)703% 7501 738319257 214 
50° 8420/8286]81 54/8023 7891 219 50 776117631 759417375|7 249] 215 
| 62 62° 0 |g. 998.415 8281|8149|/8017 7885 220 | 62 © 19.997754]7624 749617367|7240) 216 
P, parts ag fh V7 tg at a Oe "hs », parts to at At ss 6 a eg 4 
sec. of par 1223445 § a wecrofpards 12 344 6 he @ 
Sun’s Alt. 5° 6° 7° 10° 15° 20° 30° 40° 60° go” Star’s Alt. 5° 6° 7° 8° g® 10° 15° 20° 25° 25° 30° 


ste ac 4119 7 81012 1619 + £4Corr.Sub.129 765 4 I 


, 


2. a 


Moon’s| Moon's Apparent Altitude. | P14: 


TT 


, Corr, Sub. 14 110 67 6 8 To 12 16 19 


TABLE XXXI. 201 
LOGARITHMIC DIFFERENCE. 


| Moon’s| Moon’s Apparent Altitude. Diff. 

ED 0 AE ERE OTEAIIES OS 5! WD +. Ua) agg Pate" are 0 Sa 

_Par. 23° *| 24 | 259% 269] 279) r00' tf Par. 28° 29% 30°] 31° 

53’ 0"|9.99757617468|7362|7256|7152) 176 153° ON 19.997048 69451684416743|6643) 168 
10 7507|7459|7353/7247|7142| 177 | = To 7038}6935}083 3167 32/603) 169 


0 ; 
132°] 100! [sf 


20 75591745017 3441723" 71321 177 § 20 7028169241682:2167 20/6620 169 
30 75§017442|7334|7 228171221 1738 | 30 7017|69141681216709|6609! 170 
4o 75411743317325|7218|7112] 179 | 40 7007 6903}6801 6698 6597} £70 
50 75331742417 31617 209)71C2a} 179 | 50 6997 6393 679° 6687 6586 17I 


154 O19. 996987 6882/6779 79 6676 6574 


—_—— | |) | | | 


54 © 19.997524|741517307|7199]7092| 180 
aK 


172 


fe) 7516|74061729717190|7082| 180 § IO 6977|6871 6768 6665 6563) 172 
20 7§0717397|728817180/7072| 181 | 6966/686116757 6653 6551} 173 
30 7499|738817279|7171|70603} 182 § 6956}68501674616642/6540) 173 
4o 7490|7380|72701716117053] 182 § 694668 40]67 351663116528] 174 
50 7482 7371 72.601715217043] 183 } 6936|68209}6724 6620 6517 174 

55 © |9.997473 7362/7 72511714217033 E55 am 9.996926/681916713 6609 6505 175 
IO 7464 7353 7242|7132|7023 6915}6808]6703/6597/6494| 176 
20 945617 34417 2331712317013 6905}6798|669216586,/6482| 176 
30 7447|7335\7223|7 1413/7003 6895 6787 6681165756471) 177 
40 743917 326|7 214| 7103/6993 688516776|667016564 6459, 177 
50 743017 318]720517094/6983 6875 de 56391 me 64a 178 


“$60 [9.997423|7309]7 190] 7084]097 3 
10 7413|7 30017137} 79756964 


“178 
179 |: 


20 7404/7 291\7177|7005|6954 179 
30 7396}7 28217 108705015944 180 
40 73971727 317159|7046 6934 181 


50 737917204 7149|7937 6924 181 
57 © [9.99737017255|7140|7027 6914 190} 57 0 |g. nr ee 383 6474 561k 182 
10 7361|7246|7131|7018|6904] 190 to} 679316682 6373 6463|6356| 182 

20 735 31723717122|700816894] 1091 § 20 6783}6671165621645 216344] 183 
30c1Ns 7344172 228/711 31/6999/6884].191 } 30 6443 6661165 511644116333) 184 
40 7336)722017103/698g|6875] 192 | 40 676216650165 40]6430|/6321] 184° 
5° })_7327/7211|7094 0980 6865] 192 185 


58 O |9. 9-996742 6629 6818 6407 


58. 0 19.997319]7202/7085 6970/0355 193 76298 


10 7310/7 19317076/6961/6845] 193 6731166191650816396,6287 
20 73011718417066)695 1/6835] 194 6721 6608]6497/6385 16275 
30 |. 729317175|7087/6942/6825] 194 671116597|0486|6374/6264 
4o 7284|716617048/6932/6815] 195 6701 9587 6475 6362 6252 


‘ 50 6752 6640 0529 6418 6310 


$351 6241 


50 727617157 7039|6923)5805 195 


59 0-19.997267|7148}7029/6913]6795| 196 
fe) 4259|7§39|702016904|67 785 196 

20 7250)7130)7011|6394 697 197 

30 7241)71221700216884 6766 198 
49 7233|7113}0992|0875 10756) 198 
50 7224171041698 3/6865 67.46 199 


Avy 
200 
201 


TO 66701655 5|6442/632916218 
6659}65441643116318)6206 
664 49 6S 34 64 20 6307 6195 
6639|65 231649916295 (6183 
6629 6513 6398 6284 6172 


2 
3 
4 
5 
2. 
3 


fe) 
fe) 
O 
fe) 
fe) 
59 © 9.996680 6366 645 310340|6229 
| fe) 

fe) 


40 
5° 


60.0 9. 996619 6502 6387 6273 6160 
IO 6608}6492 6377 6262)6149 
20 6598 6481 6366|6251|6137 
20 658816471 6356 6239/6126 
40 657816460/6344}6228|6114 
50 6367 644 6449 633216217 6103 


60 © |9.907216}7095/6974)6855 6736 
10 7207'70861696516846(6726 

29 7199)72771695 5683616716 

30 7190|7068}6946|6827|6706 

* 7182)}7060|6937|681 716696 
7173|7051 6928 680386686 


6506 6386:6268/6150 


62 0 |9 7..996496163 76 6257 6139 6022 we 
?. parts to if qi B, af ry 6” gh x" 9” 
sec. ae ied | 2 5 4 78 910 SA 
Star’s Alt. 5° 6° 7°38’ 9° “5 15° 207 2° 207" J 
Corr. Sub.129 765° 4° 1 TO 


“a 7122) 6997 6872 749 6034 


62 9 (9.99 eee SIF 
P. parts to {' C eRe ita paciooua ger: 
sec. of par.t 7 2.33 4.5 6.728 
Sun's Alt. §° 6° 7° 10° 16° co” 30 40° 60” go® 


“oO |g. 9.997164 7042 6918 6798 6676 GT). gs 996557 6439 39 6322 6206 6091 
71561703 316909/678816666 fe) 6547 6428 aaa 1619516080 
7147|7024|69001677g|6657 20 6537/6418|6 qorleaes 6068 
71 39) 7OTSIO8QI 6769 6647 30 652616407|6290161 72160857 
7130) 7006 688216759|6637 40 6516|639716279|! SH 11604 5 


nat 


TABLE 
LOGARITHMIC DIFFERENCE. 


eh Moon’s Apparent Altitude. wea 
Par 43° |44"| 45° 469| 47° alt 


ay “O! 9.995624155391545615374|5 294 
§610]55§25/5441|5359|5278 


20 §59515510/5426]/5343/5262| 138 
30 5 580}5495/5410]5328)5 246] 139 
40 5565|5480|5395|5312|5231) 139 
59 5551]5465|5380|5297/5 215) 139 


— ————— } | | | | | | 


9+995119/504014 


$4 9 !9.995536/5450]5365]5281)/5199] 140 
10 §52115435(535015206/5183] 140 
20 §507|5420/5334/5250|5168] 141 
x 5492/5495|/5319)5235/5152) I41 
40 5477|539015304/5219|/5136) 142 
50 §463/5375|5289 5204/5120) 142 
55 2 |9- 995448|5 360|527315188|5r05| 143 
10 5433|5345|5258|5173/5089] 143 
20 5418]5330]5243]5157|5073] 144 
30 5404/5 315]5228}5142|/5057| 144 
40 §38y]5 300]5 2121512615042) 145 
50 53745 285|5197|5 11/5026] 145 


56 0 |9.995360]5§270]5182/5095|5010 


fe) © §3481525515167|508014994| 146 
20 5330]5240}5151/506414979] 147 
30 5315|5225|5136|5049|4963) 147 
40 5 3O1]5 210]5121]503314947] 147 
50 5 286151955 106/5018/4932| 148 


57 8 9 .995271|5180]5091|500214916 


5257]516515075|498714900] 149 

Os §242|5150|5060/497114884] 149 
30 5 227|5135|5045}4956/4869] I50 
40 § 21 3/5 120/5030/4940/4853] 150 
50 5 £98|5 105]5014|4925|4837| I51 
“58 0 9 «995483)5090)4999|4909/4821] ISI 
fe) §168]5075|4984|4894|4806] 152 
20 515415000|4y69/487814790] 152 
30 5139/5045 ]4953|4863/4774] 152 
40 §124|503014938/4847| 4758) 153 
50 5109/5015 |4923|4832/4743] 153 


59 # 9-995095|5000]4908/ 4816/4727] 153 
§080]4986/4892/4800l4711] 154 

a §065/4971|4877/4785|4695| 154 
30 5051'4956|4862/4770|4680] 155 

40 503614941|4847|475414664| 155 

50 5021/492614831/4739|4648] 156 


60 oO 19.995007]4911/4816]472314632 


Io 4992/4896)480114708}3617| 157 
20] 4977/488114786|4692/4601! 157 
30 4963|4866]477114676/4585] 157 
40 49438/4851/4755|4661|4569| 158 
50 493314836|474014646/4554| 158 
61 0 |9.994918/482114725|463014538] 158 


hfe) 4904]4806]4710/4615}45221 159 
20 488914791|469414599)4506| 159 
<i 48741477614679|45841449t| 160 
40 4860) 476114664|4568|4475} 160 
RS 4845/4746 ae 4553}4459 161 


7 oF zi 4" 5/ 6" 7 a g" 9 
22 Sie ae a! 


P, parts ts T* qi 3" 4" 3” GF 7 35 
sec. of par. 2 3 4 6 7 9 10 1214 


Sun's Ait. 


whe 


5) @ 7° fo’ 15° 20° 30” 40° 60° go® 
8 10 312 16-19 
age BT en 


Corr. Sub. 14 13 9 7 


» XXXII. 


Moon’s 
Hor. 
| Par. 


np 
oan) 


ee oOo ee ee ee | 


55 iy 9+995023/4942/486314736/ 4711 


136 | 60 © |9.994543I4455 


58 BS 9.994735 16508507 aE 44 


ae to 
sec. of par. 


Star’s Alt, 


Moon’s Apparent Altitude. 
sndae 
eat of 9-99 995215 3137 


50°| 519! 52% 


§061}4937/4914 
§199|5121150451497014897 
5183/5 105]5028}495 314880 
5167|§088)5012/4937/4863 
5151/5907 214995}49 20/4846 
5135}595614979]4903|4829 


SSS SSS ee 


4962)4886]4812 
5 103}5023|4946148 7014795 
5087|5007|49291485 314778 
507114991)491314836)4761 
50551497514896|4820]4745 
5039]495814880] 480314728 


49° 


5007}4926)4847)4709}4694 
4991}4910]4830]4753|4677 

497514894148 1414736 pet 
4959}4877|4797|4719| 4642 
49431486114781]4703| 4626 


se i | S| 


146 | 560 19.994927| 184514 


764| 4686) 4609 
4911|4829 3748 4669/4592 
4895}4812)47311465 2/4575 
4879}4796|4715|403614558 
4863|478014698]4619|4541 


4847 4764 4682 4602 4524) 
57 S 9.99483114747|4665 1458614507 


4815}4731}4649}4569) 4490 
479914715|4633/4552 
478314699|4616) 4535/4457 
4767 wae Apae 4519 por: 


4719 Me, 4550 4469 1389] 1 


4671 4585}4501 tlaa3 1338 
4655 4569 4484]4402] 4321 


59 0 |. 994039 4552)446814385|4304 


4622/45 36)445114368|4287 
4607/45 2014435/4352|4270 


4369 8 4203 
4527 4430\¢ 4352/4268] 4186 
451114423 4330 2251 4169 


4479 4390 4303]4218]4135 
446314374 4286)4201/4118 


© 19-994447/4358/427014184|/4101 


4431/4341/4254 4168/4084 
441514325142371415114067 


4188} 4101/4016 


—_———} —--——__ - 


14175]408413909 


4367 oe 


147 


$3 


5° 6° 7° 8° g° 10° 15° 20" 25° 30° 


Corr.Sub.129 765 4 & I 


rye 


204 | TABLE XXXI. 
LOGARITHMIC DIFFERENCE, 
“| Moon’s| yoon's Apparent Altitude. Dil. 


Hor 


me ge Hor. 
| Par. | 58° [549] 55° 5691579 7 


Par. 59° 60° 
$3’ 0 l9.99451214451/4391|4334/4278 
IO 4494|44321437314315|4259 
447514414]4354|4296|4240 
30 44571439614336|4278|4221 
40 4439143774317 /4259|4202 
4421/4359]4299/4240/4183 


/ 


00 619) 62° G3 100! 


53° 0" 19.994843/4773)4705/4639|4575| 112 
Ke) 4825]4756|4687|462114557| 112 | 
20 4803] 47 38]4670]4603145 39] 112 | 
30 4791/4721 4659 4586l4521} 113 
40 |. = 4774}4703}4635/4568}4503] 113 
50 4757 4086/4617) 1550 4485 113 


54 .0 |9.994740 4669 4600 4532 4467 114 § 54 © |9.994403/4340/4280|4221/4104] 98 
fe) 4723}4651/4582)4514/4449} 114 IO 4384|4322/4201|4203|/4146] 99 
20 4705|46341456414197/4431| 114 J 20 4366]4304]4243/4184|4127| 99 
30 4688]461714547/447914413] E15 30 4348|4285]422414165|4108) 99 


_ 40 467114599]45 29)440114395] 115 | 4330|426714206|4146/4089] TOO 


50 4654/4582}4512 44453 4377| T15 4311/4248|418714128]4070] 100 
116 | 9-994293]4230|4168|4109|4057} 101 
462014547|4470|4408)/4341| 116 42'75|4212/4150]4090/4032] I0r 


- 20 4602145 30]4459]4390|4323] 117 425714193/4131/4071|4013! IOI 
30 4585]4512)4441/437214305| 117 | = 30 42391417 5/41131405 313994} 102 
40 45681449514424/4354/4287| 117 | = 40 42201415 7|4094/4034) 3975) 102 


4551144784406] 4336 4269 118 | 4202]413814076|4015/3956] 102 


118 | 


F156 © [9.994534]4460/4389/4319/4251 156 © |9.994184]412014057]3996/3937| 103 
10 451£714443/437114301|4233] 118 § = 10 4166}4101]4038/3977/3918} 103 
20 4499}4426)435314283/4215] 11g f 20 4148] 4083|4020]3959/3899] 103 
: 30 { 448214408/4336]4265|4197| 11g | 30 4129|4064|4001]3940] 3861] 104 
ae 40 446514391 4318|4247/4179] 120 | 40 |. 4111]4046/3983}3921|3862] 104 
oa 50 " 4448/4373|430114230|4101] 120 f 50 4093}402813964/390213843] 104 


4356/4283/4212/4143| 121 , $7 O.lg. 994075|4009]3945 3883/3824] 104 ; 
4339]426514194/4125| 121 | 425713991|3927|3865!3805] 105 


9.994431 
4414 


20 4397}4321/424814170/4107! 12x f 20 40381397 21390813846) 3786] 105 
30 4379|4304/423014158|4089| 122 | 40201395 4}3890]3827|3767| 105 
40 |. 4362)4287/421 3)4£41|4071) 122 | 409213936)387113809|3748| 106 


3984139171385 31379013729) 106 


|g. 993966 3899 3834|3771/3710 


50 4343142 4269 4195}4123/4053] 122) 


ee | 


58 9 \9- 994328)4252/477814105|4035] 123 106 


TO 4311/4234/4160}4087/4017| 123 394713880] 3815/3752/3091| 107 
20 4294|4217(414214069/3999] 123 § 39291386213797|3734|30721 107 
30 4276/4200]4125/4052}3981| 124 | 30 |. 3911 |3844)377813715|3653| 107 
40 4259}4182)4107/4034|3963] 124 40 3893|382513759|3696| 3634] 107 


108 


50 4242/4165|409¢)4016|3945] 124 | 3875138071374113677| 3015 


am cre RS | | ee ee | ee | a | | 


F 1 59 © 19.994225]4148[407 213998/3926] 125 4 59 © [9.993856]3788)/372213659/3596| 108 

| IO 4208}4130]405 4/3981/3908] 125 Io 3838)377013704|/364013577| 108 
20 4191}4113/4037|3963/3890] 125 | 20 38201375 2/3685/362113558) Log 

30 417 414096/4019| 3945/3872] 126 | 3802/37 33|3667|3602/3540| Tog 
‘a. 88 4157}4078|4002|3927)3854| 126 40 378413715|364813583/3520] Tog 


IIo 


127 376513696) 3629]4565|2502 


ne cece | ce rns | af | | 


60 © [9.993747/3678)3611)3546|3483 
© 372913660)359213527| 3404 


___4439}4067/3984)/ 3999/3836 


© |9.994637/4564)4494] 442614359 
10 


TIo 
110 


127 


i! 
2 l60 0 9. 9.994122 4043]3967 389213818 
10 127 


4105|4026]394913874)/3800 


H 
1@) 


20 4088]4009]3931/3856/3782| 128 20 3711}3641)3574|350813445| 11Z 
30 407113991/391413338/3704| 128 3692)36231355513489|3426| IIT 
40 405413974|3896] 3820/3746} 128 40 3674) 3604) 35 36|3471)3407| ITI 


50 4036 395713879 3803/3728] 129 3656 358613518)3452/3388| 112 
6X © 19.994014/ 3939386113785 /37 10] 129 9+ 993638) 3568/350013433)3369| 1£2 
10 4002/392213843/3766/3692) 129 | ° 3620] 35.49|3481|341413350) 112 
20 3985 /39041382613749'3674| 130 20 3601} 3531134621339013331] 113 
30 3968/3887] 3808] 3731/3656] 130 30 3583)3512|3444/3377/33'2) 113 


3791371413638) 130 | 3565}349413425|3358/3293| 113 
3773 Ae 131 3547) 3476) 3406|3339/3274) 114 


— | | 5 | |S ) | -——-- . 


131 
“poparts tpi’ ag? at et Oat el La 
sec. pe a CHR ten eg Ye a’ :, 1416 Whe sec. ars tof 4 
Star’s Alt. 5° 6° i 8° g° 10° 15° 20" 25° 
Con.Sub.129 765 4 I 1 


Sun’s Alt. 5° 6° 7° 10° 15° 20° 30° 40° 60° 90° 
| Corr. Sub.14°t1 9 7 6 8 10 12 16 19 


EAI ES ERE ELL 


40 3951/3870 
50 3933/3952 


P. parts to 


PAGANS RE TO 


TABLE XXX. 
LOGARITHMIC DIFFERENCE, 


205 | 


“33/ o"I9. 9.994224 4172/41 2214073/4027| 82 33" & 9. 9.993982 393913898 3859 3822 , 67 

10 4205}4153/4102/4053|4007| 82 39621391913878)3839/3802| 67 

20 4186141 33140831403413987| 83 A 3942|38g99}3858/381813781| 67 

30 416714114)406314014|3967] 83 30 392213879138381379813761| 67 

_ 40 4148]4095/404413995|3948] 83 40 3902|3859]3818/3778]3740| 67 

50 412814076/402413975|3928) 84 50 3883/3839|3797|3758|3720] 67 

$4 © 19.99410914056|4005| 34563908] 84 | 54 © |9.993863/381913777/3737|3700] 68 

10 4090/4037|3986/3936/3888] 84 IO 3843/379913757|371713079| 68 

20 407 1|4018|3966/3916)3869] 85 20 3823/37791373713097|3659| 68 

30 40521399813947/3897/3849| 85 30 380313759/3717|307713039| 68 

40 4033|3979)3927/3877|3829| 85 40 3783137 39/3097] 3050] 3618 68 

50 4014}3960|3908/3858]3809| 86 52 | _.3763}3719)367 7363613598] 8 

55 © 1999399513941] 3888]3838/37901 86 | 55 a 9 93744 eoagaeeeabuAle Pre 69 

IO 397013921|3869]3818)3770| 86 3723|/3079|36361359613557| 69 

20 395613902138501379913750] 86 | 20 3704] 3659|3616/357513537| 69 

30 393713883] 3830 3779|37 32 87 30 368.4/3639]3590/3555|3516] 69 

40 3918]3863}3811/3760)3711| 87 # 40 3664|361913576/3535134y6] 69 

50 38991384413791(374013691 87 Sy 3644}3599|3550|3515|3476 70 

56 0 |9.993880|3825|377213721|3671| 87 | 56 0 be 99362413579|3536|3494|3455] 70 

TO 3861/3806/375 2137013052] 88 | 3604}3559]35151347413435] 7° 

20 3842/3786) 3733/3081/3632| 38 20 3584135 3913495|3454)3414] 70 

30 3823/3767|3713/3002|3612| 884 30 356413519}347513433133941 . 7° 

40 3804|3743/3694) 3642/3592) 88 49 3545/349913455)341313374) 71 

5° | _3785|3729)3675|3623|3573| 89 | 5° 3525|3479]3435/3393}33531 71 

$7 © |9.993765|3709|3655/360313553) 89 | © 19.993505]3459]3415|3373/3353| 71 

10 3746/3690] 3636/3583)3533| 89 | To 34851343913395|335% 3312] 72 

20 37271367113616/3504/3513] 89 | 20 346513419133741333213292| 71 

30 37081365 113597|3544/3494] 90 | 39 34451339913354|3312|3272) 72 

40 3689|36321357713525|34741| 9O§ 40 3425133791333413292132511 72 

50 3670}3613)35581350513454] 90 50 3405/335913314]3271/3231) 72 

58 0 9: 99365 1|3594)3539]3486)3435 Qt 1 58 © 19.993386)3339132941/3251/3212| 72 

10 36321357413519/3406|3415| OT | 10 3366133191327413231{3190] 72 

20 361213555 |3500 344613395 gt 20 3346/3299]3254/3211/3170] 73 

30 3593/35 3013480] 3427/3375] 91 3° 332613279|32341319013149] 73 

40 3574)3516/3461/3407|3356] 92 40 3306)32591/3213/317013129| 73 

50 3557(3497|3441]3385]5336 g2 50 3286/323913193/315013109| 73 

59 019. 993530|3478]3422]3368]3316 92 459 © |9.993266/321913173]3130)3088] 73 

10 3519/3459]3403/3348/3296] 92 10 3246/3199)315313109}3008] 74 

20 3498)3439|3383|/332913277| 93 20 3227/3179]3133]3989|3048] 74 

30 3479|342013364|3309/3257| 93 30 3207|3159/3113/3069/3027] 74 

40 3460/3401 |3344 3299}3237) 93 490 3187 3139}309213049]3007| 74 

50 344113 38213325/327013217] 93 50 3167 3119 3072 3028 812986] 75 

60 QO 9.993421 3362 3305 3251 3198 94 60 (@) g. 993147 3099 3052 3008 2966 q5 

ite) 340213 3.4313296/323113178!] 94 Io 31 2713079]3032/2983|29461 75 

20 3383|3324/3267/321113158| 94 20 3107130581301 2/2968/2925] 75 

30 3364/3304/3247/3192/3139| 94 30 _308713038]2992]2947|2905| 76 

. 40 33451328513228/317213119] 95 | 40 3068}3018|297 212927|2885| 76 

50 3326/3266) 3208/315313099] 95 50 3048)}2998|2951 2907 2864 76 

61 0 19.993307|324713189|313313079] 95 | OT © |g9.993028]2978)2931 2887 28.44 ee 
. Io 3288) 3227/3169/311 3/3000] 95 | 10 3008/2958)/2911/2866|2823] 76 

| 20 326913208] 3150)3094/3040] 96 | 20 2.988|2938|2891|2846|2803| 77 

30 3249]3189]31301307413020] 96 | 30 2963|2918/2871/2826|2783) 77 
! - 40 3230131 70|3111/3055|30C0}] 96 | 40 2948]2898)2851)2806/2762] 77 
50 3211}3150]3092/3035|2981] 97 | 50 2928)2878 2831 2785 27.42 7 
62 9 (9.993192/3131}3072|301542G61] 97 | 62.0 9 «99290912858 281012765 272% a z 

P. parts a 1’ 9/7 3" al sf 6" nf re. Pp. parts to ¢1" 2” 3" qu ny 6" nl gir g” 

sec. of par. 2 4 6 8 1012141618 sec. of cts Be 2 4.6 8 1012 14 1618S GF 
Sun’s Ait. 5° 6° 7° 10° 15° 20° 30° 40° 60° oe Star’s Alt. 5° 6° 7° 8” 9° 10° 15° 20° 25° 30° 

| Corr. Sub. 14 11 9 7 Osho 79016 to.) Corr, Sabalarors Ges ae ee TE Aw 


ace Moon’s Apparent Altitude. |? a ii S| Moon’s Apparent Altitude. we 
Par, | 63° |64'| 65°/ 66°| 679 roo'} Par. | 68° | 69°] 70°|'71°| 72} 1001 


206 TABLE XXXI. 
LOGARITHMIC DIFFERENCE. 
eon Moon’s Apparent Altitude. i Naa Moon’s Apparent Altitude. |? = 
Par. TBY. a 7° 76°! 779) 100! _Par. 78° |'79° 80° 81° 819 82% 100! 
33°" 19.99378713754|372213693|3666| 52] 53° ©” 19.99364013617|3596 357713559] 23 
10 3766137 33|3792|3672)3045) 52 10 3620/3596 357513555 3538} 33 
20 3746)3712/368113651/3624) 52 20 3599135753554 3534/3517] 33 
30 37 2513692) 3660) 3631/3603) 52 30} - 357813554]3533 351313496] 34 
40 37051367 113639|3610]3582) 52 40 355713533]3512/3492/3474| 34 
50 3684)3651/3619)358913501) 52 50 __3536)3512 2/3490)3471)3453| 34 
54 © |9.993664]36301359813568/3541| 52 | 54 © |9.993515|3491/34091545013432| 34 
3643)3609/3578) 3548/3520] 52 10 3494]3470/3448)3428/3411) 34 
3623)/358913557/3527/3499] 52 20 3473}3449|3427|/3407/3390| 34 
3602)3568/3536/3506)3478] 53 30 345 213428]3406/3386/3368] 34 
358213548)/3515/3485|3457] 53 40 3431|340713385/3305/3347| 35 
356113527|34951346413436] 53 50 3410)3386)3364/3344/3325! 35 
55 © |9-993541/350013474)/3444/3415) 53 | 55 9 19-99338y13365/2342/3323/3395| 35 
10 35 20]3486/345413423/3394] 53 TO 3368)3344/3321|3302)3284] 35 
20 3590}3465/343313402)3374] 53 20 3347|3323|3300/3280/3262] 35 
50 347913445]3413}3381|33531 53 30 332613302|327913259/3241} 35 
40 3459)/3424/339213361/3332] 54 40 3305|3281)3258/3238/3220] 35 
59 3438}3403 3371/3340)3311} 54 5° 3284 3260 3237|3217/3199} 35 
56 0 |9.993418)33831335013319/3290] 54156 © jg. 993263 3239 3216/3196/3178] 36 
3) 3398)3362/3330/329913269] 54 10 3242/3218|319513175/3156] 36 
20 3377|33421330913278/3248) 54 20 322213197|/3174)315313135| 36 
30 335713321}3288]3257|32271 54 30 3201/31 76/3153)/3132/3114| 36 
40 3336|3300/3267|3236/3206) 54 40 3180]3155|3132/3111/3093) 36 
50 3316)3279]}3246/3215/3186] 55 5°. po ASD 313413111] 3090| 3072 36 
87 © |9-993295|3259|32261319413165| 55 | 57 © |9.y931381311313¢90|306913050] 36 
To 3275|3238/3205)3174/3144] 55 Io 3117|30921300913048}3029] 36 
20 3254/321813184/3153/3123) 55 20 3096]3071)3048]3027}3008] 36 
30 32341319713164|3132/3102] 55 30 3075|3050}3026]3005|2987| 36 
40 321313177|3143)3111/3081) $5 40 3054/3029] 3005|2984/2965) 37 
50 3193]3156/3122/3090}3061] 56 50 3033}3008)2934)2963}2944] 37 
§8 © |9.993172/3136/3102|3070|3040] 564 58 0 |9.993012|/2987/2963]294212923] 37 
10 315213115|3082]3049/3019] 56 Io 2991|2966|2942/2921}2902| 37 
20 3131|3095|3061|3028}2998] 56 20 2970]2945/2921|2900|2881] 37 
30 3110}3074|3040|3007|2977| 56 30 2949|2924| 2900/2879 2859 37 
40 3090}305 3|3019|2986|2956] 56 40 2928]2903|287q12857/2838] 37 
50 3070|303312998|2966]2935! 56 50 | 2997 2882 2858 2836/2817] 37 
59 © |9.993049]3012|2977|2945|2914] 57459 0 |g. 9.992886 2861 2837 2815}2796| 37 
Io 3029/2992/29§712924|2894] 57 10 286512840|281612794|2775| 37 
20 3008}297 1|2936]2903|2873] 57 20 28.4412818]2795|2773|2753| 37 
30 2983/2950] 2915|288 3/2852! 57 30 2824127971277 31275212732) 37 
40 2967|2930|2895|2862/2831] $7 40 2803/2776|275212730]/2711| 38 
50 2947 2909 2874 2841 2810] 57 "50 278212755 2731|2709 2690] 38 
60 0 9. 992926 2889 2853 2820 2789 §8 | 6u 0 |9.992761]2734|2710)2 2688}: 2669] 38 
fe) 2.906|2868}283312800/2768] 58 Ke) 2.740]2713|268912667|2647) 38 
20 2885|2847/2812/2779|2747| 58 20 2719|2692|2668 2646 2626] 38 
30 2865|2827|2791/2758|27271 58 30 2.698}2671)2647|2625|2605) 38 
40 2844|2806)277112738|2706| 58 40 2.67712650'2626|2604)2584| 38 
50 2324|2786 275012717 2685} 58 50 2656 2629 2605/2582 2563 38 i 
61 0 |9.992803|2765]2729]2695 2664, 58 | 61 0 9.992635 2608/2584 2561 2542 3 | 
Ke) 2783/274412709|2674|2643) 59 10 2614/2587)2563)2540125820] 38 
20 2762|2724)2688] 2654/2622! 59 20 2§93|2566)2541/2519/2499| 38 
30 2742|27031266712633)2601] 59 30 257212545) 2520|2498/2478) 38 
40 2721|2683}2646|2612\2581] 59 2551 ey 2499 ay 2457) 38 
50 2701|26621262612591|/2560} §9 39 
62 0 |G.9y2680 a 12605) 2571|2539 
P, parts oe y" git git Chg 6" 4 " 8” 9 2 P. parts to y! gi! A 4" ru 6! 9 au 7-37 6 Th2 : 
see. of par.22 4 6 4 a 13 ts 17 aes sec. on 4 6 81113 if 17 19 bs 
‘Sun’s Alt.” 5° 6° 7° 10° 15° 20° 30° 40° 60° go®_—‘Star’s Alt. 5° 6° 7° 8° g° 10° 15° 20° 25° 30° J 


Corr.Sub.1411 9 7 6 8 I0 12 16 19 Corr.Sub,129 765 4 I 1 1 0 


9207 | TABLE XXXII. 
To correct the Log- 
arithmic diff. rede 


TABLE, XXX. 
LOGARITHMIC DIFFERENCE. 


pam Moon’s Apparent Alt. Di foes Moon’s App. Alt. + the Sun is observe chaste 
Par. | 83° [84>] 85° 86°l100'] Par. [87° |88°|89°| ‘ai? ee ee oo 
LE ES Ee Per Be RE SOS PSE | ee eu —— p= RA 8 set pani | UD. SUD. 
53/0" |9.993544|35311351913510] 18 | 53’ 0” lp.993503/3498 [3495p ume] 
10 3523)3510|3498}3489| 18 10 3482/3477|3474} © a | 
20 350213488] 347713467| 18 20 3460]345513452 3 | 28 |] 44 | ra] ft 
30 3480) 3447] 345613446] 18 30 343913434/3431f 4] 19 || 40 | 14 1] 
40} —3459/34401343413425| 18 | 40] —34r7/341313409) 5 | a4 | ad | 14 | 
59 | _ 3438/3.42413413/3403) 18 | 50.) 3390/3391/3388] 6 | rr I 4y | 14 | | 
34 © |9.993417|3403|339213382] 18 | 54 0°l9.993375]337013367, 2] 2 i 30] 15 14 
ro | 3395(3382|337013361| 18 | 10. |” 3353)3348/33a5g 8] 8] 52 | 15 | 
20} — 3374|33601334913339| 18 | 20 | «3332133273324 12 | 7 I 2d | 15 
30 |  3353133391332813318| 18 | 30] — 3317)3306)/3302 aah 28 es 
40 | — 333213318|330613297] 18 40] — 3289)3284)3281 age 
50 3310]32971328513275| 18 50 32.68|3253|3260 pad oe Bik 
LA genet aes paths (NEN Een Ot meal rss 10 | xe 
55 © |9.993289]32751326413254| 18 | 55 © |9.993247|3241|3238 : 62 6 
10 32681325413242|3233] 18 fe) 3225|/3220/3217 8 || 63 | 417 
20 3247/32331322113211| 18 20 3204}3199|3195 8 |} 64 | 17 
30 3225|321113200]3190] 18 30 3182/3177|3174 8 |} 66 | 17 
4O 3204/3190|317813169] 18 4o 3161|/3156)3153 8 I} 68 | 17 
59 |__3%83/3169}315 7/3147) 18 | 50} 384°/3434/313T] 25 | 8 |! 69 | 18 
56 0 |9.993£62/3148)3136131261 19 | 56 0 |g.99311813113]/31I10 26) 9 || 70 | 18 
10 314013126/3£14]/3105] 19 10 309713092|3088 28! 9 q2 18 
20 3119}3105| 3093] 3084} 19 20 3075|3070|3067 |_29_| 2° |] 74 |_18_ 
30 3098} 3084) 307213062] Ty 30 3054]3049/3046] 30 | To || 70 | 18 
40 307 7|3062|3050]3040} 19 40 3033/302713024) 32] 10 || 78 | 18 
__ 52} 3955/304r/3029}3019] 19 |__ $0] R0r23006/3003] 33 | a1 I] 79 | 18 
$7. © |9.993034]3020]3008]2998] 19 $57 © |g.992990]2985|2981 He . gr 3 
1) 301 3/2999|2986)2976) Ig 10 2.969|2963|296c 37 | 12 || 82 | 18 
20 299212977}2905|2955} 19 aq 9947 |294217939 1-46.) 12.4] S4ierg 
30 2970|2956)2944/29331 19 30 2926/2920)2917} 4o | 12 || 86 | 19 
40 294912935/29221/2912] 19 40 2995|2899|2896 41 | 13 || 88 | 19 
ES SRA a RE ace atl REN CSR Dt) We} leo 
i §8 © 19.992907|2892/2880]2870| 19 | 58 © 19.992862)2856/285 3 PTT e ; 
TO 2885/2871/2858)2849] 19 10 28.40}2835|2832 Sine eee 
i, 20 2864|2850|2837|2827| 19 20 2819]2813/2810] ota aie when 
Eo 30 2843|2828]2816|2806| 19 30 2.793]279212789 mye ae ‘ Mh 
40 23221280712794|2784| 19 40 2776)277112767 ear lS 
52 | __2800]2786)2773}2763] 19 |__ so | __2753/8749}2746) “ANP '(Cor.]|'shP|Cor. 
39 © |9.992779]2764]2752|2742| 19 | 59 © |9.992734|272812725 | Star. [>U-|IStar.|>U?- 
IO 275312743|2730)27201 19 10 2712)2706|2703 }-—> ——|-— 
20 27371272212709|26g9| T9 20 2.691)2685|2682 e 
30 2715|2701/2688|2677| 19 30 2.669|2664|2660 3 | 27 |} 23) 1 
40 2.69412679|266712656| Ig 40 2648)/264212639, 4119 | 2 I 
50 267 3}2658}2645/2635| I9 50 2627|2621|2618 12 3 I 
——_ | —|—_| |. poet fo fo 2 I 
60 0 19.992652/2637|2624}26131 19 | 60 0 |g.992605}2600/2596] 7 : a7 | 1 
10 2630|2615|2602)2592] 19 fe) 2584/2578/2575 Q}] 6]] 2 | x 
20 2609}2594|2581/2§71| 19 20 256312557|2553 9|/ 5} 2 I 
30 2588/2573|2560]2549] 19 30 2541/2535/25321 ro | 411 30 | o 
: 40 2567}2552125 3912528] 19 40 2520/2514/251T} xr | 3 || 31 | o 
5° | __2545/2530|2517/2507| 19 50 2499|2493/2489} 121 3 || 32 | 0 
61 © }9.992524|2509]2496]2485| I9 | 61 © [g9.992477/2471|24684 13) 2 || 33 | O 
‘ ike) 2503/2488/2475/2464! 19 10 2456]2450/2446) 14 21.34) & 
20 2481|2466)245 3 2443| 19 20 2.43412428]/24254) 25 Salt 35, |? 
30 2460]2445}243212421; 19 30 | © 2413/2407!2404] 16] 1 || 36] © 
40 2439/2424|2411|2400| 19 40 2.392)2386/23821 17 Ie 375,49 
50 2418)2402/2389/2379] 19 50 2370|2364/2361f 18} 1 || 38 | © 
| -— | —— | —— |, — - | |} —- — | ——- | — I I fe) 
62 0 |9.9923961238112368123571 19 | 620 19.9923491234312339 oy I a ° 
P. parts es Bia, 384") 5 Ol ae ots b ar} 1.|) to 
sec. of par.¥2 4 6 9 11 13181719 BAe: 22 | Ij} go] o 
Sun’s Alt. 5° 6° 7° 10° 15° 20° 30° 40° Go° go? Star's. Alt. 5? 6° 7° 8° g® 10* 15° 20° 25° 30° . 
PCorr.Sub.14 11-9 7 6 8 10121619  Corr.Sub.129 765 4 1 I 1 0 


208 i TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


W 1 o® of | o% x] 0 af | © 3] o 4] o% 5/1 oo 6 * 
2.2553] 1.9542] 1.7782] 1.6532] 1.5563] 1.4771 ° 
4.0334] 2.2481] 1.9506] 1.7757] 1.6514] 1.5549] 1.4759 I 
3.7324] 2.2410] 1.9471] 1.7734] 1.6496] 1.5534] 1. 2 
3.5503] 2.2341) 1.9435] 1.7710] 1.6478] 1.5520 3 
3.4314] 2.2272] 1.9400] 1.7686] 1.6460] 1.5506 4 
3+3345| 2.2205] 1.9365| 1.7663] 1.6443] 1.5491 5 
3+2553] 2-2139] 1.9331] 1.7639) 1.6425] 1.5477) 1 6 
3.1883] 2.2073| 1.9296] 1.7616) 1.6407] 1.5463] 1 7 
341303} 2.2009] 1.9262) 1.7593 1.6390 1.5449] I 8 
_3-979% 2.1946] 1.9228] 1.7570] 1.6372] 1.5435] 1 9 
3.0334. 2.1883] 1.9195] 1.7547] 1.6355] 1.5421| I 10 
9920] 2.1822] 1.9162) 1.7524] 1.6338] 1.5407] 1 II 
9542} 2.1761] 1.9128) 1.7501] 1.6320] 1.5393] I 12 
.9195| 2.1701] 1.9096] 3.7479] 1.6303] 1.5379] 1 13: 
.8873| 2.1642] 1.9043] 1.7456) 1.6286] © 4365] 1 14 | 
8573] 2.1584] 1.9031] 1.7434] 1.6269] 1.5351] I. 15 5 
8293) 2.1526] 1.8999] 1.7412] 1.6252] 1.5337] I. 16 
8030] 2.1469} 1.8967) 1.7390] 1.6235] 1.5324] 1.4571] 1.3929] 1.3371| 37 | 
7782| 2.1413} 1.8935] 1.7368] 1.6218] 1.5310] 1.4559] 1.3919] 1.3362] 18 
7547|_2%+1358| 1.8904] 1.7346] 1.6201) 1.5296) 1.4548] 1.3970] 1.3353] 19 
7324] 2.1303] 1.8873] 1.7324] 1.6185] 1.5283] 1.4536] 1.3900] 1.3345| 20 
7112| 2.1249) 1.8842] 1.7302] 1.6168} 1.5269] 1.4525] 1.38g0} 1.3336) 21 
6910] 2.1196] 1.8815] 1.7281] 1.6151} 1.5256) 1.4514] 1.3880] 1.3327] 22 
6717| 2.1143) 1.8781) 1.7259] 1.6135] 1.5242] £.4502| 1.3870] 1.3319] 23 
.6532| 2.1091} 1.8751) 1.7238] 1.6118] 1.5229] 1.4491] 1.3860] 1.3310] 24 
.6355] 2«1040} 1.8721] 1.7217] 1.6102) I. I 25 
.6185} 2.0989] 1.8691] 1.7196] I. I. I 26 
2.6021} 2.0939] 1.8661] 1.7175] 1. De I a7 
2.5863} 2.0889] 1.8632] 1.7154] 1. nto I 28 
2.5710) 2.0840] 1.8602) 1.7133] I. Te 29 
5563) 2.0792] 1.8573] 1.7112] 1. 30 
§421) 2.0744] 1.8544] 1.7091] I. 31 
5283) 2.0696] 1.8516) 1.7071] 1. c 32 
5149] 2.0649] 1.8487) 1.7050] 1.5973] I- ‘ ©3773) 1.3233) 33 
501g] 2.0603 1.8459) I. -7930] 1.5957 34 
4894, 2.0557] 1.8431) I.70F0| I. 35 
4771| 2.0512] 1.8403 * 6990} I. 36 
4652} 2.0467) 1.8375) 1.6970] 1. 37 
4536) 2.0422] 1.8348] T.6950] 1. 38 
2.0378) 1.8320] 1.6930) T. 39 
-4314!] 2.0334] 1. 8292 pe 1.6910 i 40 
.4206} 2.0291] 1.8266) 1.680) I. 4I 
.4102} 2.0248] 1.8239) 1.6871] 1. 42 
.4000] 2.0206] 1.8212] 1.6851] I. 43 
.3900} 2.0164} 1.8186] 1.6832) I. 44 
-3802] 2.0122] 1.8159] I. 6812 T. ’ 4 
~3707| 2.0081] 1.8133! 1.6793] 1.5771] 1.4943 4 
3613] 2.0040] 1.8107| 1.6774] 1.5755] 1-4931| I. 4238] 1.3641 4? 
3522! 2.0000] 1.8081] 1.6755) 1.5740] 1.4918] 1.4228] 1.3632 48 
243432) 1.9960) 3. _3 8055). 1.6736) 1.5725 -4906}] 1. 1.4217] 1.3623) I.: _49 
3345] 1.9920 “1.8030 1.6717] 1.5710] 1.4894 "7.4206] 1. 7.3613) 1.3091] 50 
-3259| 1.9881] 1.8004] 1.6698] 1.5695] 1.4881] 1.4196] 1.3604] 1.3083] 51 
-3174| 1.9842] 1.7979] 1.6679] 1.5680] 1.4869] 1.4185] 1.3595] 1.3075] 52 
1.9803] 1.7954] 1.6661] 1.5666) 1.4856] 1.4775] 1.3586] 1.3067] 53 
1.9765] 1.7929] 1.6642] 1. 1.4164] 1.3576] 1.3059} 54 
1.9727| 1.7904] 1.6624] £.5636] 1.4832] 1.4154] 1.3567] 1.3051] 55 
1.9690] 1.7879} 1.6605] 1.5621] 1.4820] 1.4143] 1.3558] 1.3043] 56 
1.9652] 1.7855! 1.6587] ¥.5607| 1.4808] 1.4133] 1.3549] 1.3034] 57 
1.9615] 1.7830] 1.6568] 1.5§92] 3.4795] 1.4122] 1.3540 1.3026 58 
_1.9579| 1.7806) 1. _1. 6550 1.5578] 1.4783] 1.4112) 1.3531) I. _1.3018] $9 
2.2554 T.9542| 1. o | 2.25531 1.95421 1.7782] 1.65321 1.55631 1.47711 1.4102] 1.3522] 1.3010] 60 | we “1.6532 1 “1.8563 T0A77T1 Whi 4102 1.3522} 1.3010] 60 


. TABLE XXXIV. 209 


PROPORTIONAL LOGARITHMS. 


s. | h. mj[h. m.|h. m.{h. mfh. m.|[h. mfh. m,n. m.]b. m. | 8, 
uf O° 9’ 0? Io o? see 0? 12’ a? i 0? 14' foe 15/ Oo? 16/ °°? 17’ “. 
Way Of T.3070] 1.2553] 1.2139) 1.1761] 1.1413] 1.1091] 1.0792] 1.0572] 1.0248] 0 
T | 1.3002| 1.2545] 1.2132) 1.1755} 1.1408] 1.1086) 1.0787] 1.0507) 1.0244 I 
] 21 1.2994] 1.2538] 1.2126] 1.1749] 1.1402] 1.1081] 1.0782; 1.0502] 1.0240] 2 
Hy 3 | 1.2986) 1.2531] 1.2119] 1.1743] 1.1397] 1.10761 1.0777 1.0498] 1.0235 3 
4 | 1.2978] 1.2524] 1.2113) 1.1737! 1.1391] 1.1071, 1.0773) 1.0493] 1.0231] 4 
| § | 1.2970] 1.2517| 1.2106) 1.1731] 1.1386) 1.1066; 1.0768] 1.0489} 1.0227 5 
6 | 1.2962] 1.2510] 1.2099] 1.1725 eae 1.0763] 1.0484] 1.0223] | 6 
7 | 1.2954] 1.2502] 1.2093] 1.1719] 2.1374] F.1055} 1.0758! 1.0480} 1.0219 ‘ 
: 8 | 1.2946] 1.2495} 1.2086] 1.1713) 1.1369) T.1050] 1.0753] 1.0475! I.0214/ 8 
: 9 1.2939] 1.2488] 1.2080) be 0H 0456 _1.1045] 1.0749] 1.0471] 1.021C] 9 
: 10 | 1.2931] 1.2487] 1.2073} 1.1701! 1.1358] 1.1040] 1.0744] 1.0467] 1.0206] 10 
| IT | 1.2923] 1.2474] 1.2067] 1.1695} 1.1352] 1.1035] 1.0739] 1.0462} 1.0202] 11 
I2 | 1.2915] 1.2467] 1.2061] 1.1689) 1.1347] 1.1030] 1.0734] 1.0458] 1.0197] 12 
| 13 | 1.2907] 1.2460] 1.2054] 1.1683] 1.1342] 1.1025] 1.0730] 1.0453] 1.0193] 13 
14 | 1.2899] 1.2453] 1.2048] £.1677| 1.1336] 1.1020] 1.0725] 1.0449} 1.0189] 14 
15 ! 1.2891] 1.2445] 1.2041] 1.1671] 1.1331] 1.1015] 1.0720] 1.0444] 1.0185] 15 
16 | 1.2883] 1.2438! 1.2035] 1.1665] 1.1325] 1.1000] 1.0715] 1.0440] 1.0181] 16 
17 | 1.2876) 1.24311 1.2028] 1.1660) 1.1320] 1.1004] 1.0711] 1.0435} 1.0176] 17 
18 | 1.2868] 1.2424] 1.2022] 1.1654] 1.1314] 1.0999] 1.0706] 1.0431] 1.0172] 18 
TQ | 1.2860] 1.2417] 1.2016] 1.1648 1.1309] 1.0994] 1.0701} 1.0426 1.0168] 19 
| 20 | 1.2852) 1.2410] 1.2000] 1.1642] 1.1303] 1. 0989 1.0606 1.0422] 1.0164}. 20 
2I | 1.2845] 1.2403] 1.2003] 1.1636] 1.1298] 1.0984] 1.0692] 1.0418] 1.0160} 21 
22 | 1.2837] 1.2396] 1.1996] 1.1630] 1.1292] 1.0979] 1.0687] 1.0413] 1.0156] 22 
23 | 1.2829] 1.2389] 1.1990] £.1624| 1.1287] 1.0974] 1.0682] T.O04og] 1.0151] 23 
24 | 1.2821] 1.2382] 1.1984] 1.1619] 1.1282] 1.0969] 1.0678] 1.0404] 1.0147] 24 
25 | 1.2814} 1.2375] 1.1977| 1.1613] 1.1276! 1.0964 1.0673) T.0400} 1.0143} 25 
26 | 1.2806] 1.2368' 1.1971] 1.1607] £.1271| 1.0959] 1.0668) 1.0395] 1.0139] 26 
1 27 | 1.2798] 1.2362. 1.1965) 1.1601] 1.1266] 1.0954) 1.0663] 1.0391] 1.0135! 27 
i 28 | 1.2791! 1.2355] 1.1958} 1.1595] 1.1260] 1.0949] 1.0659: 1.0387] 1.0131) 28 
29. | 1.2783) I. 1.2348 T.1952| 1.1589] 1.1255] 1.0944) 1.0654. 1.0382] 1.0126} 29 
1946} 1.1584] 1.1249] 1.0939} 1.0649} 1.0378] 1.0122] 30 
1939] 1.1578] 1.1244] 1.0934] 1.0645] 1.0374] 4.0118) 31 
-1933] 71-1572] 1.1239] 1.0929] 1.0640] 1.0369} 1.0114! 32 
1927] 1.1566] 1.1233] 1.0924] 1.0635] 1.0365] 1.0710} 33 
| 1921] 1.1561] 1.1228] 1.0919} 1.0631] 1.0360] 1.0106] 34 
| -19T4| 1.1555] 1.1223} 1.0914] 1.0626] 1.0356] 1.0102] » 35 
.1908] 1.1549] 1.1217] 1.0909] 1.0621] 1.0352] 1.0098] - 36 
1902] 1.1543] 1.1212] 1.0904] 1.0617] 1.0347] 1.0093} 37 
| 1896] 1.1533] 1.1207] 1.0899] 1.0612] 1.0343] 1.0089, 38 
| 1889] 1.1532] 1.1201] 1.0894] 1.0608 S-O8391 Tayo 39 
| 1883} 1.1526] 1.1196] 1.0889] 1.0603) 1.9334] 1.0081; 40 
1877] 1.1520] 1.1191] 1.0884} 1.0598! 1.0330| 1.0077] 41 
1871] 1.1515} 1.1186] 1.0880} 1.0594] 1.0326) 1.0073] 42 
1865] 1.1509] 1.1180] 1.0875] 1.058] 1.0321] 1.0069] 43 
1859] 1.1503] 1.1175] 1.0870] 1.0585] 1.0317] 1.0065} 44 
1852] 1.1498] 1.1170] 1.0865] 1.0580] 1.0313} 1.0061] 45 
1846] 1.1492] 1.1164] 1.0860] 1.0575] 1.0308] 1.0057} 46 
1840} 1.1486, 1.1159] 1.0855) 1.0571] 1.0304] 1.0053} 47 
1834] 1.1481] 1.1154] 1.0850] 1.0566) 1.0300] 1.0049] 48 
.1828] 1.1475] I.1149] 1.0845 1.0562) J 0295} 1.0044]. 49 | 
-1822| 1.1469] 1.1143| 1.0840] 1.0557) 1.0291] 1.0040] 50 
1816] 1.1464] 1.1138] 1.0835] 1.0552! 1.0287| 1.0036} §1 
. 1809] 1.3458] 1.1133] 1.0831 1.0548! 1 0282) 1.0032 52 
. 1803] 1.1452] 1.1128] 1.0826] ¥.0543] 1.0278) 1.0028] 53 
1797! 1.1447] 1.1123] 1.0821] 11.0539] 1.0274] 1.0024] 54 
t 1791 1.1441] I.1117| 1.0816] 1.0534! 1.0270} 1.0020] 55 
1 1785| 1.1436] 1.1112] 1.081r| 1.0530) 1.0265 1.0016 56 
1779| 1.1430] 1.1107] 1.0806] 1.0525} 1.0201| 1.0012] 57 
.1773| 1.1424] 1.1102] 1.0807| 1.0521} 1.0257; 1.0008) 58 
1.1767] 1.1419} 1.1097] 1.0797 1.0516) 1.0252) 1.0004] 59 
.1761| 1.1414) 1.1091] 1.0792| 1.0512} 1.0248] 1.0000| 60 4 
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210 TABLE XXXIV. 
PROPORTIONAL LOGARITHMS. 
s. |h. m.fh. m.{h, m.jh. mk. m.fh, m.jh. mjh, m.jh, m.jh, m./h. mth, m.| s 
# to? 18/Jo° 19'J0° 20'f09 ar/lo? 22/09 23/109 24/109 25/109 26/l0° 27/10? 28/109 29)” 
© {10000} 9765] 9542] 9331; 9128! 8935] 8751) 8573] 8403] 8239] 8081 7929} O 
tr | 9996| 9761] 9539] 9327] 9125] 8932] 87481 8570] 8400] 8236] 8070] 7926) 1 
2 | 99921 9758] 9535] 93241 9122} 8929] 8745] 8568) 8397] 8234] 8076] 7924] 2 
3 |. 9988) 9754] 9532) 93204 9119] 8920) 8742] 8565} 8395] 8231) 8074) 7921] 3 
4 | 9984} 9759 9525} 9347] 9115} 8923] 8739} 8562] 8392] 8228) 8074] 7Q1g} 4 
5 | 9980} 9746) 9524) 9313] gt ts 8920] 8736] 8559] 8389] 8226} 8068] 7916, 5 
6 | 9976} 9742] 9521] 9310! G109} by17] 8733' 8556] 8386] 8223) 8066] 7qQ14} 6 
* 1 99721 9739] 9817} 9306} 9196} 8913} 873c] 8553} 8384) 822c} 8063] 7or1 4 
| 8 | 99681 9735} 9514} 9303! 9103! 8g1C] 8727) &550] 8381! 8218] 8061] 7qQ09] = 8 
' 9 |_9964] 9731) 9510} 9300) ogg] 8907] 8724} 8547] 8378) 8215! 8058) 7906] 9 
! Fi 9727| 9500 9296] gogo $904) 8721] 8544) 8375| Bare] 80551 7g04] To 
9956] 9723] 9503] 9293] yo92]| Sgor} $718) 8542) 8372] 82ro}] 8053] 7g0I] 41 
9952} 97201 9499] 9289} go3g} 888] 8775} 8539) 8370] 8207] 8050] 78g9g] 12 
9948] 9716] 9496] 9286] go86} 8895} 8712) 8556) 4367) 8204) 8048] 7896] 13 
9944} 9712] 9492] 9283] 9083} 8892] 8709} 8533} 8364; 8202} 8045} 7894} 14 
9940} 9708) 9488] 9279} 9079] 8888) 8706] 8530! 8361] 81gg] 8043} 7891] 15 
9936} 9795] 9435] 9276] go76] 8885} 8703) 8527! 8359] 8196] 8cjo] 7889} 16 
9932] 9701] 9481] 9272} 9073} 8882] 8700) 8524] 8356] 8194] 8037] 7887] 17 
9928} 9697] 9478] 9269! go70] 8879} 8697] 8522) 8353] 8191} 8035] 7884] 18 
9924} 9693] 9474! 9266] 9066) 8876) 8694] 8579} 8350] 8188] 8032] 7882] 19 
“ 9920} 9690] 9471} 9262) go63) 8873] 8691) 8516) 8348} 8186] 8o30] 7879] 2o 
9916; 9684] 9467} 9256} gobo] 8870] 8688! 8513] 8345] 8183] 8027] 7877] 21 
| 9912} 9682] 9464] 9255] 9057] 8867] 8685] 8510} 8542] 8:81] 8025] 7874] 22 
9928} 96738] 9460] 9252} 9053] 8864] 36082] 8507] 8339] 8178] 8022] 7872] 23 
9905| 9675] 9456] 9249} Qosol 8861] 867g] 8504) 8337] 8175] 8020] 7860] 24 
9901] 9671) 9453] 9245] 9947] 8857] 8676] 8502, 8334) 8173] Bo47| 7867] 25 
9897] 9667] 9449] 9242] 9044] 8853] 8673] 8199] 83311 8170) 8or4] 7364] 26 
9893] 9664] 9446} 9233] 9041] 8851] 8670] 84y6| 8328] 8167| Bora} 7862} 27 
9889] 9660] 9442) 9235} 9037] 8848] 8667) 8493} 8326] 8165] 8009] 785y] 2 
9885} 9656} 9439] 9232! 9034] 8845] 8664} 8490) 8323] 8162} 8007] 7857) 29 
9881} 9652] 9435! 9228) 9031] 8842} 8561! 8487] 8320) 8159] 8004] 7855; 30 
9877] 9649] 9432) 9225] go28} 8839] 8658} 8484) 8318) 8157) 8002] 7852] 31 
9873} 9645] 9428] 9222] 9024] 8836} 8655) 8482) 8315] 8154] 79OgGg} 7850] 32 
9869) 9641) 9425] 9218) go21} 8833] 8652) 8479) 8312] 8152) 7997} 7847] 33 
9865] 9638] 9421] 9215] go18} 8830) 8649] 8476] 8309] 8149] 7994] 7845) 34 
9861| 9634] 9418] 9212] Qors] 8827] 8646) 8473] 8307] 8146) 7992] 7842] 35 
9458) 963] 9414} 9208} gota] 8824] 8643) 8470) 8304] 8144] 7989] 7840] 36 
9854} 9626] 9411] 9205] 9008} 8821} 8640} 8467] 8301] 8141] 7987] 7837] 37 
9850] 96231 9407} g20r] goos] 8817] 3637} 8465] 8298] 8138) 7984, 7835] 38 
9846] 9619] 9404] 9148} 9202] 8814} 8635} 8462} 8296) 8136) 798r| 7832] 39 
9342) 9615} 9400} 9195| 8999) 8811] R632} 8459) 8293) 8133) 7979) 7830) 40. 
9833] 9612) 9397] 9191} 8996} 8808] 862g] 8456] 8290} 8133) 7976] 7828) 41 
9834} 9608] 93931 y188] 8992] 8805] 8626) 8453] 8288! 8128] 7974] 7825) 42 
9830] 9604} 9390} 9185} 898g] 8802] 8423) 8451! 8285) 8125] 7971] 7823] 43 
9827| 9601] 9386} 9181} 8986] 8799] 8520] 8448) 8282] 8122] 7969] 7820) 44 
9823} 9597| 9383) 9178} 8983] 8796] 8617} 8445) 8279] 8120] 7960) 7818] 45 | 
9819} 9593] 9379) 9175} 8980} 8793] 8614) 8442) 8277] 8117] 7964] 7815] 40 
9815! 9590) 9376] 9172; 8977] 8790] 8611] 8439] 8274] 8115] 7961] 7813] 47 i 
g811} 9586} 9372 9168) 8973 8787] 8608} 8437) 8271] 81121 7956] 7811] 48 ? 
9807| 95821 9369] 9165| 8970] 8784] 8605) 8434! 8269] 8110] 7956] 7808} 49 
9803} 9579} 9365} 9162} 8967} 8781] 8602} 8431] 8266) 8107} 7954] 7806) 50 
9800} 9575] 9362] 9158) 8964) 8778) 8599) 8428] 8263) 8:04] 7951} 7803! 51 
9796) 95711 9358] 9155! 8968) 8775] 8597] 8425] 8261) 8102) 7949) 780r; 52 
9792| 95681 9355} 9152| 8958] 8772] 8594] 8423! 8253] 8oy9] 7946] 7798] 53 
9783) 9564) 93511 9148) 8954] 8769} 8591) 8420) 8255) 8097! 7944) 7796 54 
9784) 9561] 9348} 9145} 8951) 8766) 8588) 8417) 8253) So94] 7941) 7794) 55 
9780 9557] 9344} 9142} 8948] 87631 8585] 8414) 8250] 8097) 7939] 7791] $6 
9777) 9553] 9341] 9138] 8945) 8760] 8582] 8411 8247| 8089) 793) 7789) 57 
9773} 9552} 9337] 9135} 8942] 8757] 8579} 8409] 8244) 8086) 7934] 7786) 58 
9769) 9546] 9334) 9132] 8939 sis) 231 8406] 8242} 8084) 7931] 7784) 59 
9765} 9542] 93311 9128] 8938| 8751} 8573] 84031 8230] 8081] 7929] 7782] 60 
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26 | 7719] 7579] 7443] 7304] 71831 7059} 6938] 6820] 6706 
27 1 7717| 7577) 74411 7309] 7181] 7057] 6936} 6818} 6704 
28 | 7714) 75741 7438] 7307] 7379] 7955] 6934] 6816] 6702 
29 | 77121 7572| 7430) 7304] 7177] 7952] 6932] OR14} 6700 


30 | 7710] 7570] 7434] 7302] 7175] 7050) 6930] 6812] 6698 
31 | 7797] 7567] 7432 7300] 7172] 7048] 6928] 6810} 6696 
32 | 7705} 7565! 7429] 7298) 7170] 7046) 6926] 680.4) 6694 
33 | 7703) 75631 7427) 7296] 7168) 7044] 6924] 6807, 66y2 
34 | 7700} 7560) 7425] 7294] 7165! 7042] 6922] 6805] 6695] 65 
35 | 7698) 7558) 7423] 7291) 7164) 7O40! 6920] 6303 g, 6 


lh. m.lh. m.Jb. m.jh. m.fb. m.jh. m.jh. m.(h. m.fh. m.{h. m.jh. m.jJk. m.J 8. 
. [o° 30'l0° 31'lo® 32/J0° 33/10? 34'J0° 35/10? 36/109 37/109 38/Jo? 39'Jo° 4o/fo® 41’ 
© | 7782) 7639] 7501! 7308} 7235} 7112} 6ygo} 6871] 6755) 6642] 6532] 6425] oO 
I 7779| 7637) 7499 7305] 7230] 7110} Og88! 6869) 6753) GO4c] 0530} 6423 I 
2 | 7777; 70341 7497. 7363) 7234) 7108] 6y86] 6867) 6751] 663%} 65291 6a} = 2 
3 17774) 76321 7494: 7361] 7232] 7106) 6984] 6865] 6749} 6637) 6527| 6420] 3 
4 | 7772 76301 7492" 7359) 7229] 7104] 6)82| 6863] 6747] 6035] 6525] 6118) 4 
- 5 | 776) 7627) 7499, 7387] 7227] 7102] Gg80} 6861] 6745} 6653] 6523] 6416] = 5 
| 6 | 7767) 7625) 7488, 7354] 7225] 7100} 6978) O859} 6743} 6631] 6521) 6414] 6 
7 | 7765} 7623] 7483] 7352] 7223] 7098} 6976) 6857) 6742} 6629) 519} 6413) 7 
8 | 7762) 76201 7483] 7350] 7221] 7096] 6974} 6855] 6740] 6627) 6518} 6411] 8 
9 | 7760} 7618} 7481} 7348) 7219] 7093] 6972) 6853] 6738} 6625) 6516) 6409, 9 
1o | 7757| 7616, 7479} 7346 7217] 7091| 6970) 6851} 6736; 6624] 6514] 6407} I0 
Ir | 7755} 7613} 7476] 7344] 7215] 7089] 6968} 6849] 6734] 6622} 6512] 6406] 11 
12 | 77531 7611] 7474] 7341] 7212] 7087) 6906) 6847| 6732] 6620] 6510} 6404 12 
13 | 7750| 7609] 7472] 7339] 7210] 7085] 6964] 6845] 6730} 6618] 65009] 6402) 13 
14 | 7748} 7607] 7470! 7337| 7208] 7083] 6962} 6343! 6728] 0616} 6507} 6400] 14 
15 | 7745] 7604) 7467] 73381 7206] 7081] 6950] 6841] 6726] 6614} 6505] 6398] 15 
16 | 7743} 7602) 7465] 7333] 7204] 7°79} 6958] 6840} 6735} 6612] 6503) 6397) 16 
17 | 7743| 7600) 7463] 733¢| 7202] 7077| 6956] 6838! 6723) 6611) 6503] 6395) 17 
18 | 7738] 7597| 7461! 7328] 7200] 7075] 6954] 6836) 6721] 6609} 6500; 6393] 18 
TQ _|_7736| 7595] 7458] 7326) 7198] 7073] 6952) 834] 6719) 6607) 6498) 63y1|_ 19 
20 | 7734) 7593) 7456] 7324] 7196] 7071} 6950] 0832] 6717] 6605} 6496} 6390] 20 
ar | 7731) 7590} 7454] 7322] 7193] 7069] 6948) 6330) 6715} 6603) 6494 
2 7729) 7588] 7452} 7320] 7191} 7067] 6946] 6828} 6713} 6601] 6492 
23 | 7720) 7586) 7450] 7317] 7189] 7065] 6944] 6826} 6711] 6600} 6491 
24 | 7724] 7583] 7447) 7315] 7187] 7063) 6942] 6824] 6709] 6598, 6489 
25 | 7722] 7581) 7445] 7314] 7785] 7061! 6940} 0822] 6708] 6596 


36 | 7696) 7556) 7421) 7289] 7162] 7038] 6918) 6801] 6687 
37 | 7993) 7554] 7418] 7287) 7160) 7035) 6916) 6799) 6685 
33 | 7691) 7551 J Waele. 7158| 7034) 6914) 6797} 6683 
39 _| 7688] 7549) 7414! 7283] 7156] 7032] 6912] 6795} 6681 
40 | 7686) 7547) 7412, 7281) 7154] 7030] 6910] 6793] 6679 


{1 4m | 7684) 7544) 7409! 7279) 7152] 7028) 6908) 6791} 6677 
* 42 | 7681) 7542) 7407] 7276] 7149] 7026] 6906] 6789! 6676 
43 | 7979) 7549) 7405} 7274] 7147) 7024] 6904) 6787; 6674 
44 | 7677) 7538] 7403! 7273] 7145} 7022 6902| 6785 6672 
45 | 7674) 7535] 7491) 7270] 7143] 7020/ 6900] 6784} 6670 
46 | 7672) 75331 7398) 7268] 7141} 7018] 6898} 6782] 6668 
47 | 7670] 7531] 7396| 7266] 7139] 7916] 6896] 6780} 6666 
* 48 | 7667) 7528) 7394] 7264] 7137] 7014] 6894] 6778) 6664 
49 | 7665| 7526) 7392] 7261] 7135] 7012} 6892) 6776) 6663 
| 50 | 7663) 7524} 7399] 7259] 7133] 7010} 6890] 6774) 6661 
§xr | 7660) 7522) 7387! 7357] 7131] 7008] 6888] 6772] 6659 
52 | 7658) 7519 

! 


ON 
tn 
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7385] 7255] 7129] 7006} 6886) 6770, 6657 
53 | 7655} 7517] 7383] 7253] 7127] 7004] 6884) 6768) 6655 
54 | 7653] 7515] 7381) 7251] 7124] 7002] 6882] 6766) 6653 
55 | 7951] 7513] 7379, 7249] 7122] 7000) 6881] 6764] 6651 
56 | 7648) 7510) 7376} 7246) 7120} 6998} 6879) 6763! 6650 
57. | 7646] 7508! 7374] 7244] 7118] 6996} 6877) 6761) 6648 
58 | 7644) 7506} 7372) 7242| 7116} 6994] 6875) 6759] 6646 
7114] 6992) 6873) 6757) 6644 


_ 59 _| 7641) 7503) 737.7240 
69 | 7639] 7501] 7364] 7238 
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“4112| 6990) 6871] 6755 6642) 6532) 6425] 6320] 60 
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’ TABLE XXXIV. 
PROPORTIONAL LOGARITHMS, 


h. m.jh. m.{h. m.{h. m.{h. m.jh. m./h. m./h. m.jh. m./h. m.th. m.fh. m. 
0? 42'lo° 43' fa 44'\0? 45, 10° 46 10° 47'\0° 48’ 92 49’ fon 50’ 0° 51/j0o° 52/109 53 


6021} 5425} 5832) 57- 5563) 5477 
6019! §924) 5830 5562) 5476 
6017] §922) 5829] 5737 5560] 5474 
6016, 5920) 5827 5559| 5473 
6014} 5919} 5820} 57: 5557] 5471 
6013} 5917] 5824} 5733[ 5643, 5556] 5470 
3 6011} 5916} 5823] 5 5554] 5469 
6308) 6: 7| 6009} 5914} 5821 5640! 5553] 5467 
6306} 6205] Oros5} Goo8} §913! 5819 5639] 5551 540 
6305} 6203} 61031 6006! SgIIl 5818 5637} 55501 5464] 5 


be —— 


6305] 6201] 6102} 6005] 5909} 5816 5636} 5549! 5463 
6301} 6200] 6100] 6003! §908} 5815 5638] 5547] 5461 
6300} 6198] 60qg: Goo1| §906} 5813 56331 5546] 5460} § 

6196} 6097| 6000} 5905] 5812] 5 5632] 5544] 5459 

5} 60y5 5903] 5810 

3} 6094 5902} 5809 

| 6092 §900] 5807 

609 | 5893} 5806 

5897] 5804 


§894] 5801 

3 5892] 5800 

618) 5891] 5798 

6179} 6081] 5984] 5889} 5796 

6178} 6079 5888] 5795 
6176+ 6077 
6174} 6076 


6274| 6173] 6074 

6272) 6171) 6072 

6271} 6169 a 
6168 5973} 5878} 5786 
6166 5971) 5877] 5784 
6165 5969} 5875] 5783 
6163 5968 


5863} 5771 

§861| 5769 

5860] 5768 

5858] 5766 

5856) 5765 

§855] 5763 

5853] 5761 

5852| 5760 

5850] 5758 

38} $942) 5849) 5757 2 5408 

5941) 5847) 5755 5578} 5491} 5407 
5939| 5846} 8754 5576 5440! 540§ 
5938] 5844] 5752 5575! 5488, 5404 
§936| 584ap 5751 5573] 5487] 540% 
5935} 5843 5572} 5486) s4or 
5933) 5839) 5748] 5658! 55701 5484] 5400 
593%] 5838] § 5569} 5483] 5398} 5 
$930! 5836] § §567| 5481 
5928] 5835 5566} §480 
$927) 5833) 57¢ $564) 5478 


6218| 6118| 6021 5925} 5832] 5 5310 


TABLE XXXIV. 213 
PROPORTIONAL LOGARITHMS. 
3. . m.fh. m.th. m.jh. m.{h. m.th. m.th. m.{h. m.fh. m.th. m.jh. m.jh. 


© 54/109 55'J0° 560° 570° 58'J0o° 59/119 of f19 17 19 9/119 3 | 


a ee a ee ee ey ee ney pS) ae eee 


foe 
p> bb Dp © 
Pr bp BD 
SPNN HD we 
Y coos nD ina 
OW ON Awubwo vy HO =? 


4912) 4830] 4765, 4693] 4623} 4554| 4485 
5221] 5141} 5063] 4986} 4911] 4837| 4754] 4692] 4622] 4552] 4484] 4417 
5219] 5140] 5062} 4985] 4910} 4836} 4763} 4691) 4621] 4551] 4483) 4416 
5218] 5139] 5061] 4984] 4908] 4834! 4762] 4690] 4619] 4550] 4482] 4415 
5217] 5137] 5059} 4983] 49°97] 4833] 4760) 4689] 4618) 4549) 4481] 4414 
10 5215] 5136] 5058) 4981] 4906] 4832] 4759] 4688] 4617) 4548] 4480} 4412] Io 
IZ | 5214] 5135] 5057| 4980) 4905] 4831] 4758] 4686! 4616] 4547] 4479] 4411] 11 
12 | 5213) 5133] 5055] 4979} 4903] 48301 4757) 4685} 4615} 4546| 4477) 4410) 12 
13 | 5211] 5132] 5054] 4977] 4902] 4828] 4756) 4684} 4614] 4544} 4476] 4409] 13 
14 | 5210] 5131] 5053] 4976) 4901} 4827] 4754} 4683] 4612] 4543] 4475] 4408] 14 
I§ | 5209] 5129] 5051] 4975] 4900] 4826] 4753] 4082] 4611] 4542) 4474] 4407] 15 
16 | 5207] 5128] 5050} 4974] 4899] 4825] 4752] 4680] 4610} 4541] 4473} 4406) 16 
17 | 5206) 5127] 5049] 4972} 4897] 4823) 4751) 49791 4609] 4540) 4472] 4405! 17 
18 | 5205] 5125} 5048] 4971} 4896] 4822! 4750] 4678] 4608] 4539] 4471] 4404, 18 
TQ | 5203] 5124] 5046] 4970) 4895} 4821] 4748] 4677] 4607] 4538) 4469} 4402] 19 
20 | §202| §1231 5045] 4969] 4894] 4820] 4747| 4676} 4606] 4536} 4468) 4401| 20 
21 5201] 5122] 5044] 4967] 4892] 4819) 4746) 4675] 4604] 4535] 4467] 4400] 21 
22 | 5199] 5120] 5043] 4966) 4891] 4817] 4745; 4673] 4603] 4534] 4466] 4399] 22 
23 | 5198] 5119] 5041) 4965) 4890] 4816) 4744] 4672] 4602] 4533] 4465] 4398] 23 
24 | 5197] 5118] 5040} 4964] 4889) 4815} 4742] 4671) 4601] 4532] 4464] 4397] 24 
25 | 5195] 5116) 5039] 4962] 4887] 4814} 4741] 4670] 4600] 4531] 4463] 4396] 25 
26 | 5194] 5115] 5037] 4961] 4886] 4812] 4740] 4669] 4599! 4530] 4462] 4395] 26 
27 | 5193} 5114] 5036} 4960) 4885} 4811) 4739{ 4658) 4597] 4528] 4460} 4394, 27 
28 5191] 5112] 5035] 4959] 4884) 4810] 4738] 4666] 4596] 4527| 4459} 4393] 28 
129 | 5190] 5111} 5034} 4957] 4882] 4809} 4736) 4665) 4595] 4526) 4458) 4391] 29 
30 | 5189] SILO} 5032) 4956] 4881} 4808! 4735] 4664) 4594] 4525] 4457] 4390] 30 
31 | 5187] 5108} 5031} 4955] 4880] 4806) 4734) 4663) 4593] 4524) 4450] 4389| 31 
32} 5186) 5107] 5030] 4954] 4879] 4805! 4733] 4662] 4592) 4523] 4455] 4383] 32 
33 | 5185] 5106! 5028] 4952] 48771 4804! 47321 4660) 4590] 4522] 4454] 43871 33 
34 | §183) 51@5] 5027] 4951] 4876) 4803) 4730} 4659) 4580] 4520] 4453] 4386) 34 
35 | $182] 5193] '5026] 4950] 4875! 4803] 4729) 4658) 4588] 4519] 4452] 4385] 35 
36 | 5181) 5102) 5025] 4949) 4874) 4800] 4728] 4657] 4587| 4518} 4450] 4384] 36 
37 | 5479] 5101) 5023! 4947) 4873] 4799| 4727] 4656) 4586) 4517| 4449] 4383) 37 
33 | 5178} 5099) 5022] 4946] 4871) 4798) 4720) 4655) 4585] 4516) 4448] 4381) 38 
39_| 5177) 5098] 5023] 4945] 4870] 4797] 4724] 4653) 4584) 4515] 4447] 4380] 39 
49 | 5175) $097} 5019] 4943] 4869) 4795] 4723) 4052 4582) 4514] 4446) 4379] 40 
4I_ | 5174] 5095] 5018} 4942] 4868) 4794] 4722] 4651] 4581] 4512) 4445] 4378] 41 
42 | §173) 5094] 5047] 4941] 4866} 4793] 4721) 4650) 4580] 4511, 44441 4377| 42 
43 | 5172) 5093} 5016} 4940! 4865} 4792] 4720) 4649) 4579] 4510] 4443] 4376) 43 
44 | 5170] 5092] 5014] 4938! 4864] 4791] 4718] 4648] 4578) 4509] 4441] 4375| 44 
45 | $169] Sogo} 5013] 4937) 4863) 4789) 4717) 4646) 4577] 4508] 4440] 4374) 45 | 
46 | 5168} 5089] S012] 4936] 4861] 4788] 4716] 4645] 4575] 4507] 4439] 4373] 46 ° 
» 47 } $166) 5088} Sort! 4935} 4860] 4787] 4715} 4644] 4574] 4506] 4438] 4372] 47 | 
48 | 5165) 5086] 5009] 4933} 4859} 4786) 4714) 46431 4573) 4505, 4437| 4379) 48 
49 | 5164) 5085; 5008] 4932] 4858) 4785) 4712) 4642) 4572] 4503, 4436] 4369) 49 __ 
50 |} 5162! 5084] 5007) 4931! 4856] 4733) 4711] 4640] 4573| 4502] 4435] 4368] 50 
5t | 5161] 5082] 5005] 4930] 4855] 4782) 4710] 4639] 45701 4501] 4434] 4367] 5% 
52 | §160] 5c81} 5004] 4928) 4854] 4781! 4709] 4638) 4569] 4500] 4433} 4366) 5. 
53 | 5158] $080) 5003] 4927] 4353) 47801 4708} 4637) 4567) 4499] 4431) 4365] 53 
54 | 5157) 5079] $002} 4926) 4852) 4778) 4707] 4636] 4566) 4498} 4430} 4364] 54 
§5 | 5156} 5077] 5000] 4925) 4850] 4777) 4705] 4635) 4565) 4497| 4429] 4363] 55 
56 | 51541 5076] 4999] 4923] 4849] 4776] 4704) 4633 4564! 44951 4428| 4362} 56 
57 | 5153] 5075} 4998] 4922] 4848) 4775] 4703] 4632| 4563) 4494] 4427| 4361) 57 
§8 | 5152) 5073! 4997] 4921) 4847] 4774] 4702] 4631) 45621 4493] 4426) 43591 58 
59 | SISO} 50721 4995} 49201 4845] 4772] 4701] 4630) 4560) 4492) 4425] 43581 59 
Go 60 


1.51491 50754 49941 4918) 4844) 47711 4699) 4629) 4559] 44911 4424) 4357 


214 TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


m.{h. m.jh. m.{h. m. h. m.{h. [8 JR fi. m.fh. mh. mjh. mth. m.jh. mh. m,'h, m.jh, mh. mh. m.)s. | 8 
” io OF tS i7! 1. 8" HO cg eyo aa nano a sr? aan id ego ito 1° td ead } 
O | 4357} 4292) 4228] 4164! 4102 39791) 3919] 3860] 3802 o4 | 
I | 4356] 4291] 4227) 4103) 4101 3978] 3919] 3859) 3801 I : 
2 | 4355] 4290] 4226 4162, 4100! 4038] 3977) 3978] 3858 3800 2 
3 | 4354] 4289} 4224] 4161] 4099 3976} 3917} 3857] 3799 3 
4 | 4353] 4288) 4223] 4160 4098 3975} 3916] 3856} 3798) 37. 4 
5 | 4352] 4287] 4222] 4159, 4097 3974] 3915) 3856} 3797] ; 5 
6 | 4351} 4285] 4221] 4158} 4096 3973} 3914] 3855] 3799} ; 6 
7 | 4350} 4284] 42201 4157) 4095 3972] 3913] 3854] 3795 7 
8 | 4349] 4283] 4219) 4156) 4093] 4032) 3971, 3972] 3853] 3794 8 
9 | 4347] 4282] 4218) 4155] 4092] 4031] 3979] 3911) 3852) 3793} 3 9 
10 “4346 “4281 4217] 4154] 4091 3969] 3910} 3851] 3792 Io 
II | 4345] 4280} 4216] 4153! 4o0go 3963] 3909} 3850) 3792 II 
T2 | 4344! 4279] 4215] 4152] 4089 3967; 3908} 3849] 3791 12 
13 | 43431 4278) 4214] 4751] 4088 3966} 3907) 3848) 3790 13 
T4 » 4342) 4277) 4213) 4150) 4087 3965} 3906) 3847} 3789) 37; 14 
15 | 4341] 4276] 4212] 4149} 4086 3964] 3905| 3846] 3788) 37: 54 
16 | 4340] 4275) 4211] 4147) 4085 3963] 3904] 3845] 3787] : 16 
17 | 4339] 4274] 4210] 4146] 4084 3962} 3903} 3844) 3786} ; 17 
18 | 4333] 4273] 4209) 4145] 4083 3961! 3902) 3843] 3785 18 
_19 | 4336] 4271) 4207} 4144) 4082 3960} 3901) 3342] 3784) 3727 19 
22 | 4335] 4270} 4206] 4143] 4081 3959| 3900] 3841] 3783) 3726| 3669 


39581 3899| 3840] 3782] 3725] 3668) 


4334] 4269) 4205] 4142] 4080 
3957! 3898] 3839] 3781) 3724] 3667 


22 | 4333) 4263] 42041 4141] 4079 


23 | 4332) 4267] 4203! 4140] 4078 3956| 3897] 3838] 3780| 3723] 3666 
24 | 4331| 4266] 4202) 4139] 4077 3955} 3896] 3837] 3779] 3722] 3665 
25 | 4330] 4265! 4201} 4138) 4076 3954] 3395] 3836) 3778] 3721] 3664 
26 | 4329) 4264 sk 4137] 4075 3953} 3894] 3835] 37771 3720] 3663 
27 |} 4328] 4263} 4199} 4136) 4074 39521 3893] 3834] 3776] 3719] 366: 
28 |.4327| 4262 Atos 4135 4073 3951| 3892} 3833] 3775} 3718} 3662 


3950) 3891} 3832] 3774] 3717| 3661 
3949| 3899] 3831] 3773] 3716] 3660 
3948} 3889} 3830] 3772) 3715] 3659 
3947| 3888! 3829] 3771) 3714] 3658 


4326] 4261) 4197] 4134) 4072 

4325} 4260 “4196 4133] 4071 
4323) 4259} 41951 4132) 4070) « 
43221 4258) 4194] 4131] 4069 


j 4321) 4256] 4193] 4130 4068 3916] 3887] 3828] 3770! 3713] 3657 
4 | 4320] 4255] 4192] 4129] 4067 3945] 3886] 3827) 3769] 3712) 3656 
35 | 4319] 4254] 4191] 4128] 4066] . 3944] 3885] 3826] 3768} 3711] 3655] 35 


4055 3943] 38841 3825 3763) 3710! 3654 
3942] 3883] 3824] 3767) 3704] 3653 
3941| 3882] 3823) 37661 3709] 3652 
3940] 3881] 38221 3765) 3708) 3651 


4318] 4253) 4189] 4127 
4317| 4252) 4188] 4126] 4064 
4316] 4251] 4187] 4125} 4063 
4315] 4250 4186] 4124} 4062 


— | fl | ff |] 


3939} 3880} 3821) 3764 dé 


4314] 4249! 4185 4129), 4061 40 
AT | 4313) 4248] 4184] 4121! 4o6o : 3938] 3879] 3820] 3763] 3706] 3649, 41 
42 | 4311] 4247! 4183} 4120| 4059 3937| 3878; 3820) 3762] 3705) 3649) 42 
43 |'4310} 4246) 4182) 4119] 4058] 2 3936] 3877) 3819! 37611 3704} 3648] 43 
44 | 4309] 4245] 4181] 4118! 4056 3935] 3876] 3818) 3760) 3703] 3647} 44 
45 | 4308] 4244] 418c} 4117) 4055] 2 3646) 45 


3934| 3875; 3817 3759 3702 
: | 3816 3758] 3703| 36451 46 
39321 3873; 3815} 3757) 370°] 3644] 47 
3931| 3872] 3814] 3756] 3699] 3643) 48 
3930 3871] 3813] 3755] 3698] 3642) 49 
3929) 33701 3812) 3754) 3697! 3641} 50 
3928] 3869] 3811! 3753) 3696) 3640} 51 
3927] 3868} 3810] 37521 3695] 3639] 52 
6] 3926) 3867] 3809, 3751] 3494) 3638) 53 
3925] 3866) 3808 3750] 3693) 3637] 54 
3924] 3865] 3807] 3749] 3593] 3636, 35 
3923] 3864) 3806) 3748} 3692) 3635) 56 
3922) 38631 3805] 3747] 3691] 3635] 57 
3921] 3862] 3804) 3746; 3690] 3634] 58 
59 | 4293) 4220] 4165} 4103] 4o4t _3920| 3861] 3803) 37461 3689] 3633! 59 
60 ~ 4292 


42 28] 4164 4102) 4040| 979 3919 cian 3802| 3745 ” 363) 


4304 4239] 4176} 4113) 4o5rt ; 
§O | 4303] 4238) 4175! 4112] 4os5o 
4302) 4237) 4174) 4111] 4049] 2 
4301! 4236) 4173] 4110) 4048 
53, 4309) 4235| 4172) 4109) 4047 
54 4298) 4234] 4171] 4108) 4046) ; 

4297) 4233) 4169] 4107} 4045] 398 
4296, 4232) 4108} 4106} 4044] 398: 
4295) 4231] 4167! 4105 4043) 
5&8 | 4294) 4230} 4166) 4104! 4o4z 


4307| 4243| 4179} 4116) 4054] . 
47 | 4306] 4241/ 4178] 4115} 4053] : 
48 } 4305) 4240} 4177] 4114] 4052 


tr tn 
Ow 


WWwWwWHSI|NDYNYNNYNNNDNDND DN 
¢ POY HOO OIA HWY HO 
TE LN SSS 


3688} 3632| 60 


TABLE XXXIV. . 215 


PROPORTIONAL LOGARITHMS. 


49 | 3587} 3532) 3478] 3424) 3372] 3319] 3268] 3217] 3167] 317} 3068) ; 
SO | 3586) 35311 3477] 34231 33711 3319) 3267) 3216) 3166) 3116) 3067 


s. |b. m.jh. m.[h, m. 7h. m,|h.m.{h. m.|h. mi.|h. mh. m.|h. m.|h. m.jh. im. hg 
OP ETS Tr 159.20 eerie re, 23! xO 24'|19 25/119 267° 272° 28/149 af # 
fe) 3632 3576 3522! 3468 Bags oneal 3310] 3259) 3208) 3458) 3108] 3059 ra) 
I | 3631) 3576] 3521] 3467) 3414] 3361! 3309] 3258) 3207] 3157] 3%07| 3058] 1 
2 | 3630] 3575] 3520] 3466] 3413! 3360) 3308] 3257! 3206] 3156] 3106] 3057] 2 
3 | 3629) 3574] 3519] 3465) 3412) 3359] 3307| 3256) 3205] 3155) 3105] 3056] 3 
4 | 3628] 3573] 3518] 3464) 3413] 3358) 3306] 3255) 3204] 3154] 3105] 3056) 4 
§ | 3627] 3572| 3517] 3403) 3410} 3358] 3306] 3254] 3204] 3153] 3104] 3055] 5 
6 | 3626] 3571] 3516} 3463! 3409) 3357| 3305] 3253] 32031 3153] 3103] 3054] 6 
j 3625) 3570] 3515] 3462) 3408) 3356) 3304] 3253] 3202] 3152] 3102) 3053] 7 
3624] 3509] 3514] 3461] 3408) 3355} 3303] 3252) 3201) 3151] 3101) 3052] 8 
Q | 3623) 3568] 3514] 3460] 3497] 3354) 3302] 3253) 3200) 3150] 3101] 30521 9 
IO | 3623) 3567] 3513] 3459] 3400} 3353] 230!) 3250] 3199) 3149] 3100} 3053} IO 
II | 3622) 3566} 3512] 3459) 3405] 3352] 3300] 3249) 3198] 3148) 30997 3050) II 
IZ | 3621] 3565] 3511] 3457| 3404] 3351] 3300) 3248] 3198] 3148) 3098] 3049} 12 
13 | 3620) 3565] 3510] 3456] 3403) 3351] 3299] 3247] 3197] 3147] 3097| 3048] 13 
14 | 3619) 3564) 3509) 3455] 3402) 3359] 3298) 3247] 3196] 3146) 3096) 3047] 14 
15 | 3618} 3563] 3508] 3454] 3491] 3349} 3297] 3246) 3195] 3145] 3096] 3047] 15 
16 | 3617} 3562] 3507] 3454] 3400] 3348] 3296] 3245) 3194] 3144] 3095] 3046) 16 
17 | 3616) 3561] 3506] 3453] 3400] 3347] 3295] 3244] 3193] 3143] 3094] 3045] 37 

18 | 3615] 3560] 3506] 3452} 3399] 3346) 3294] 3243] 3193] 3143] 3093] 3044] 18 | 
19 | 3614] 3559} 3505] 3451] 3398] 3345] 3294! 3242] 3192] 3142] 3092] 3043] 19 
20 | 3613] 3558] 3504] 3450) 3397] 3345) 3293] 3242] 3193] 3141] 3091] 3043] 20 
a 3612] 3557] 3503| 3449] 3396] 3344] 32921 3241] 3190] 3140] 3091] 3042] ar 
2% | 3611} 3556) 3502) 3448] 3395| 3343] 3291] 3240] 3189] 3139] 3090] 3041] 22 
23 | 3619} 3555] 3501| 3447| 3394] 3342] 3290] 3239) 3188} 3138] 3089) 3040] 23 
24 | 3610] 3555] 3500] 3446) 3393] 3341} 3289} 3238) 3188] 3138) 2083] 3039] 24 
25 | 3609) 3554] 3499) 3446] 3393] 3340] 3288] 3237] 3187] 3137] 3087] 303g] 25 
26 | 3608] 3553] 3498] 3445) 3392] 3339] 3288) 3236) 3186) 3136] 3087] 3038] 26 
27 | 3607) 3552] 3497] 3444] 3391! 3338} 3287] 3236) 3185] 3135] 3086] 3037) 27 
28 | 3606) 3551! 3497] 3443] 3399] 3338; 3286] 3235] 3184] 3134] 3085] 3036] 28 
29 | 3605} 3550} 3496] 3442] 3389) 3337] 3285/ 3234) 3183) 3133) 3084 3035] 29 
30 | 3604] 3549] 34951 3441! 3388] 3336) 3284] 3233] 3183] 3133] 3083] 3034] 30 
3L | 3603] 3548} 3494] 3440! 3387] 3335) 3283] 3232] 3182] 3132] 3082] 3034] 37 
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To correct the Apparent Distance of the Moon from the Sun or # Srar, 
for the Effects of Parallax and Refraction. 
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SI | 38] 36 30] 29] 28] 27 25| 24] 24! 23] 22] 21] 20] 20] Ig} 18 
§2 | 39} 38 31] 30] 29] 28 26] 25] 24] 24] 23] 22] 21] 21] 20) I9, 
53 | 41] 39 33] 31] 30} 29 27| 26] 25} 25] 24] 23) 22] a1] 21 se. 
54 2| 41 34] 33] 31] 30 28] 27] 26] 25] 25] 24] 23) 22) 21 au 
$5_} 44] 42 -33|_34] 33] 3x 30] 29] 28] 27] 26) 25] 25) 24] 23] 22]. 21 
36 | 46) 44 36] 35) 34] 33 30] 29] 28] 27] 26) 26] 25) 24) 23) 22) 
57 {| 47] 45 381 36] 35) 34 31| 30] 29] 28] 27) 26) 26) 25) 24) 23) 
58 | 49] 47 39| 38] 36] 35 33| 31} 30} 29] 28] 27] 26] 26) 25] 24 
59 | 51 49 40] 39} 38] 36 34] 33} 31] 30] 29] 28) 27] 26) 25! 25; 
6o_|_521_5e -45|_43|_42| 40] 39] 37} 36 35] 34| 33] 31) 30) 29) 28) 27) 20) 25 
6r | 54) 52 43} 42} 40] 39 36] 35} 34] 32] 31] 30) 29) 28) 27] 26 
62 | 56) 54 45] 43] 41] 40 37| 36) 35] 34) 32] 37) 30) 29) 28) 27 
Br * [511329 3743801391404 14.2914 3714.41 4571407147914 8° [499 50° fs 1° 
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To correct the Apparent Distance of the Moon from the SuN ora STAR, } 
for the Effects of Parallax nd Refraction. . 
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TABLE XXXVI. 227 
EQUATIONS TO EQUAL ALTITUDES. 
First Part. 
Sun’s Longitude. 


Interval. O Sign. I Sign. 

of {5° | 10] 159] 200] 259 | OF 1 5S PF TOOT 159] 20°] 25° 
h, m. s s s s s s 8 s 8 s 8 s 
3 O 45 .47)£5. 38/15. 19]14.9O}14.53114.02/13.44]12. 76/11 .gg]I1.12/10,16} g.12 
| ea 15 .57}15-48/15.28/14.99}14. 60/14. 10)13.53]12.84/12.06/11.19/10.22] 9.17 
3 40 = 115 .68]15 «58/15 .38]15 .0g]14.69)5 4.20/73 .62)12.93]12.14]1T.27/10.29] 9.23 
A O = 41§279]15.70/15.50]15.20]14.80)174.51/13.72173.02/12.23/11.35|10.37| 9.30 
4 20 J15..93]15 83/15 .62)15.32]14.92/14.42/13.83]73.13]12. 33111 .44/10.46] 9.38 
4 40 16.08/15 .97|1§ «77|15 -46]15 .05)14 .55|13-95]13.251T2-44]1T.54/10.55| 9.46 
§ 0 416.22)16.12]15 91/15 61/15. 20/14.69]14 .08]13.37|12.56/TT.65/10.65} 9.55 
§ 20  416.38/16.28/16.08]15.77|15.35/14-84]74.22/13.51]12-09]171.77|10.75| 9.65 


40 |16.56/16.46/16.25]15 .94]15§ .5 2/15 .00/14.37|13.05|12.83]11.gol10.87| 9.76 
O 416.75]16.65]16.44]16.12]15.70]15.17|14.54]13.81|12.97|12.04/11.00] 9.37 
20 = |16.95]16.85|16.64]16.32/15 .89]15 . 36]14.72113.98]13.14|12.19|11.14] 9.99 
4O-/17.18]17.08}16.86]16.54]16. 10115 .56]14.92]14.17/13. 31/82. 35/11.28/10.12 
O  497.42]07.32]17.10]16. 78/16. 32115 .78]15.13114.36/13.49/12.5 2111. 44110. 26 

J ’ -7011T .61/10.41 
4O  -|17.94]17.84]17.62]£7.27]16.82)16, 26]15 «57/14. 80113 -gOjr2.gojI1.79]10.57 
O = 418.23)18.13}17.QO]17.55]17-09]16.52/15 84/15 .04]/14.13]13.11|11.98]10.74 
20 = 18.54)8.44]18.20]77.85/17. 38/16. 80/16. 11115. 20114. 37/13. 33/12.18]10.93 
40 418.87/48.77)18.53118.17|17-09117.10]16.40j15 .56]14 .63]13.57|12-40]11.12 


rr ener mm me ff a fe, fs fe I ee. | eee | ee | ee 


Q O  jIg.22]19.12118.88]18.51/18.02/17.42/16.70]15 .86]14.89)13.82/12.63111. 33 
Q 20 f1g9.61]19.49119.25}18.87118.37/17.76|17.03|16.17|15 .18]1T4.09/12.88]11.55 
9 40 120.01)19.89]19.65]19.26/18.75]18. 52/17. 38/16. 50/15 . 50/14. 38/13. 14/11.79 
IO) 9 = |20.44/20.32]20.06]19.67/19. 16}18.51]17.75/16.85115 .83/14.69/13.42)12.04 
TO 20 = {20.91]20.77/20.51]20.11]19.59]18.93|18.15]17.23|16. 19/15 .02|/13.72/12.3] 
IO 40 = |21.38)21.25/20.99]20.58)20.05]19.37|18.57117 .63|16.57|15 37/14 -04|12.59 
It OO = J21.91/21.77}2£.50]21.08/20.54/19.84]19.02]18 .06]16.97)15 «74/14. 38/12.90 
; Il 20 |22.46)22.32/22.04]21.62/21.06]/20. 34/19. 50118 .52/17.40|/16.14)14.75|13.23 
Ir 40 [23.05/22.91/22.62]22.19]21.61|/20.88]20.02]19.01/17 .86/16.57/15.14/13.58 
12) O-—s_ {23.69]23.55/23.25122.80]22.21/2f .43|20.57119.53]18. 35/17 .03 15. 50]13.96 
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Second Part. 
h. .m. 
ane -© 0.00} 0.49] 9.97] 1.43] 1.84] 2.21] 2.52] 2.77] 2.93] 3.01] 3.01] 2.91 
| 45-20 0.00] 0.49] 0.96] 1.41] 1.82] 2.18] 2.49! 2.73] 2.89] 2.97] 2.97] 2 87 
3 40 0.00} 0.48] 0.95] 1.39] 1.79] 2.15] 2.45] 2.69] 2.85! 2.93] 2.93] 2.83 
4+" oO. 0.47] 0.93| 1.36] 1.76] 2.12] 2.41] 2.65] 2.81] 2.89] 2.88] 2.77 
4 20 °. oO. 0.9]| 1.34] 1.73] 2.08] 2.38! 2.60] 2.76] 2.83] 2.83} 2.73 
4 40 0.,00]'0.45] 0.90} 1.31] 1.70] 2.04] 2.32] 2.55]/°2.70])°2.971 25771 2.68 
Lae, 0.00] 0.44] 0.88] 1.27] 1.66] 1.99] 2.27] 2.49] 2.65] 2.71] 2.71) 2.61 
§ 20 0,00] 0.43] 0.85] 1.25] 1.62] 1.94] 2.21] 2.41] 2.57| 2.64] 2.64] 2.55 
5 40 oO. O. 0.93) 1.221'1.58!] 1.89]° 2.15) 2.36] 2.50) 2 2.571 2.48 
te ghee, O. O.41] 0.81} 1.18) 1.53] 1.83] 2.09] 2.29] 2.43]°2 2.49] 2.41 
6 20 Oo. OQ. G.70) E.14) 1.48)" 7.977) .2.02]°2.221)'2.35)' 2 q.4ly 2.33 
6 40 0.00} 0.38] 0.75] I.10] 1.43] 1.71] 1.95] 2-14] 2.26] 2 2.321 2.24 
aio Oo. 0.37| 0.72| 1.06] 1.37} 1.64] 1.87] 2.05] 2.18] 2 2.23).2.15 
1.20 0.00] 0.35] 0.69] 1.01] 1.31] 1.57] 1.79] 1.96) 2.08] 2 2.13} 2.06 
7 40 O. 33] 0.66] 0.96] 1.24] 1.49] 1.70] 1.86] 1.98] 2 4.03} 1.97 
me) oi. 0.62} 0.91] 1.17] 1.41] 1.61] 1.76) 1.87] 1 1.92] 1.85 
8 20 2. 0.58] 0.85] 1.10} 1.321 1.51] 1.65] 1.75] 7 1.80] 3.74 
8 40 | 0. 0.54] 0.79] ¥.03] 1.23] 1.41] 1.54] 1.65] 1 1.68} 1.62 
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228 TABLE XXXVI. 
EQUATIONS TO FQUAL ALTITUDES, 
First Part. 
Sun’s Longitude. 


Interval. If Signs. | [il Signs. 
GO| SP arsIGe Nt Tao w aaa aee T= OF | 5° | 10° | 15° 


+ AT eh e~ ae ee we Rg 

h. m. s s s s s s s Ss s s 

a. Oo 7.99] 6.78] 5-51] 4.18] 2.81] 1.41] 0.00] 1.41] 2.82) 4.17] 5.49] 6.75 
3 20 8.04] 6.82] 5.55] 4.21] 2.83! 3.42] O.00] 1.42} 2.83) 4.20] 5.52] 6.79 
3 40 8.09] 6.87] 5-59] 4.24] 2.85] 1.43] 0.00] 1.43] 2.85] 4.23] 5.56] 6.84 
y ay 8.15] 6.92] 5.63) 4.27] 2.87] 1.44] 0.00] 1.44) 2.87] 4.26] 5.60] 6.89 
4 20 8.221 6.98] 5.67] 4.30] 2.90] 1.46] 0.00] 1.45] 2.89) 4.29] 5.65] 6.95 
4 40 8.29} 7.04] 5.72] 4.34] 2.92] 1.47] ©.00) 1.47] 2.92] 4.33] 5.70) 7.01 
Lee wy: 8.38] 7.11| 5.77] 4.38] 2-95] 1.48] 0.00) 1.48] 2.95] 4.37] 5.75] 7.07 
§ 20 8.46] 7.18] 5.84] 4.43] 2.98] 1.50] 0.00] 1.49] 2.98] 4.42] 5.81] 7.14 
§ 40 8.55] 7.26] 5.90] 4.48] 3.01] 1.51] 0.00] 1.51] 3.01] 4.47] 5.89] 7.22 
6 oO 8.65] 7-35] 5-97] 4-53] 3-05] 1.53] ©.00) 1.53] 3-04] 4-52] 5-94] 7.31 
6 2o 8.76] 7.44) 6.04] 4.59] 3.09] 1.55] 0.00] 1.55] 3.08] 4.57] 6.02] 7.40 
6 40 8.87] 7.54] 6.12] 4.64) 3.13] 1.57] 0.00] 1.57] 3.12] 4.63] 6.10] 7.50 
7.490 8.99] 7-64] 6.21] 4.71] 3.17] 1.59] 0.00] 1.59) 3.16] 4.70] 6.18) 7.60 
7 20.. 19,121 7.75] 6.30] 4.97] 3.22] 1,62] 0,00] 1.61) 3.21) 4:77] 6.27] 7.98 
7 40 9.26] 7.87] 6.40] 4.85] 3.27] 1.64] 0.00; 1.64) 3.26] 4.84] 6.37] 7.83) | 
8 0 9.41] 8.00] 6.50] 4.93] 3.32] 1.67] 0.00] 1.66] 3.31] 4.92] 6.47] 7.96 
8 20 9-57| 8.14! 6.61] 5.01] 3.37] 1.70] 0.00] 1.69] 3.37] 5-01] 6.58] 8.10 
8 40 9-74, 8.27] 6.72] 5.10] 3.43] 1.73] 0.00] 1.72] 3.43] 5-09] 6.71) 8.24 
9 Oo 9-93] 8.43] 6.85] 5.20] 3.50] 1.76] 0.00) 1.76] 3.50] §.19] 6.82] 8.39 
9 20 110.12} 8.60} 6.99] 5.30] 3.57] 1.79] 0.00] 1.79] 3.56) 5.29] 6.96] 8.56 
9 40 10.33) 8.77) 7.13] 5.41] 3.64] 1.83] 0.00] 1.83] 3.63] 5.40] 7.10} 8.72 
IO O- {10.55} 8.96] 7.28] 5.53] 3.72] 1.87] 0.00) 1.87} 3.71] 5.51] 7.25) 8.92 
IO 20 |10.78) 9.16] 7.44] 5.65] 3.80] 1.91 0.00, 1.91 3-79] 5.63] 7.41] 9.12 , 
Io 40 {11.03] 9.37] 7.62) 5.78] 3.89] 1.95 0.00) 1.95 3.88] 5.771 7-59] 9-33 
Ir O- |II.30) 9.60] 7.80} 5.92) 3.98} 2.0Q| 0.00; 2.00] 3.97] §.91] 7.77) 9-54 
II 20 11.59} 9.85} 8.00] 6.07] 4.08] 2.05] 0.00 2.05] 4.07] 6.06] 7.97; 9.80 
Il 40 |T1.,go/10.11] 8.21] 6.23] 4.19] 2.10 9.00] 2.10 4.18] 6.22] 8.17|10.06 
Fa. @ 12.23|10.39| 8.44] 6.41] 4.311 2.16| 0.00 2.16] 4.301 6.39] 8.41/10. 34 

Second Part. 
" Fy Ver ad te Le hd ee Lier ae WEEK Fa 

h, m, s 8 s 8 s s s S s s s s 
4.59 2.91| 2.42) 2.06] 1,63] 1,11] 0.67] 0 0.56] 1. 1.61} 2.05] 2.41 
3 20 2.68) 2.39] 2.03] 1.59] 1.10) 0.56] o 0.56} I.10} 1.59] 2.02] 2.38 
3 40 2.64) 2.36] 2.00) 1.57] 1.08] 0.55] 0 0.55] 1.08) 1.57] 1.99] 2.35 
4 Oo 2.60} 2.32| 1.97] 1.54] 1.06] 0.54] © 0.54] I. 1.54] 1.97] 2.38 
4 2 2.55) 2.28] 1.93] 1.51] 1.04] 0.53] © O.53) 1. 1.51] 2492] 2.99 
4 40 2.50] 2.23] 1.89] 1.48] 1.02] 0.52] 0.52] 1. 1.48] 1.88] 2.22 
4409 2.44) 2.18] 1.85] 1.45] 1.00] 0.51] © O.51| I. 1.44] 1.84} 2.17 
5 20 2.38) 2.13] 1.80] 1.41] 0.98] 0.50] O. ©.49] O. 1.41| 1.80) 2.12 
5 40 2.33] 2.07] 1.75] 1.37] 0-95] 0.48 0.48] O. 1.37] 1.74| 2.06 
6 0 2.24] 2.00] 1.70] 1.33} O.92) 0.47] 0.00] 0.47| O.91| 1.33] 1.70] 2,0¢ 
6 20 2.17] 1.94] 1.65] 1.29] 0.89} 0.45] 0.00] 0.45] 0.88] 1.29] 1.64] 1.93 
6 40 2.09] 1.87] 1.59] 1.24} 0.86} 0.44] ©.00] 0.44] O. 1.24] 1.58] 1.86 
2.0L] 1.80] 1.53] 1.20] 0.83] 0.42] O.00] 0.42] 0.82] 1.19] 1.52] 1.79 
7 20 1.92] 1.72] 1.46] 1.14] 0.79] 0.40] 0.00] 0.40] O. I.14] 1.45} 1.71 
7 40 1.83] 1.64] 1.39] T.Og}] 0.75] 0.38] ©.00] 0.38] 0.75) 1.08] 1.38} 1.63] FF 
$59 1.73] 1.551 1.31] 1.03] 0.71] 0.36] 0.09} 0.36] 0.71] 1.02] 1.31) 1.54 
8 20 1.62] 1.45] 1.23] 0.97] 0.67] 0.34] ©.00] 0.34] 0.67] 0.96] 1.23] 1.44 
8 40 ¥.51] 1.35] 1.15] 0.90} 0.62] 0.32] 0.00] 0.31} 0.62] 0.90] £.14] 1.34 
re) 1.39] 1.25] 1.06! 0.83] 0.57] O.2y] O. 0.29] ©. 0.83] 1.05] 1.24 
9° 20 1.27| 1.13] 0.96] 0.76] 0.52] 0.26] 0.00] 0.26] 0.52] 0.76] 0.96) 1.13 
9 40 1.14} 1.02] 0.86] 0.68] 0.47] 0.24] oO. 0.24] O. 0.68} 0.86] 1.02 
10:45:09 1.01] 0.90] 9.76] 0.60] 0.41] 0.21] 0. 0.21] O. 0.60} 0.76] 0.99 
Io 20 0.85] 0.77] 0.65] 0.51} 0.36] 0.18) oO. 0.18} 0.35] 0.51} 0.65] 0.77 
IO 40 0.70] 0.63] 0.53} 0.42] 0.29] 0.15] 0.00] 9.15] 0.29] 0.42] 0.53] 0.63 
rit © 0.54] 0.49] 0.41] 0.32} 0.22] 0.11] 0.00] 0.11] 0.22) 0.32] 0.41] 0.48 
II 20 0.37] 0.33] 0.29] 0.22] 0.15] 0.08] 0.00] 0.08] 0.15] 0.22] 0.28] 0.33 
Ii 40 0.19] O.17] 0.14) 0.11] 0.08] 0.04] 0.00] 0.04] 0.08] 0.11] O.14} 0.17 
ters) ©.00] 0.00] 0.00].0.00] 0.00] 0.00} 0.00] C.00} ©.00] 0.00} 0.00] 0.00 


TABLE XXXVI. 229 
EQUATIONS TO EQUAL ALTITUDES. 


First Part. 
Sun’s Longitude. 
Interval. iV Signs. V Signs. 

: ahd a Pd ed ae ee a ae PE EE: 

+ a a Ak (aa a Me ite + + 5 a +: + 

m. s s s s s s s s s s s s 
° 94] 9.06]/10,09/11.03]11 .89/12.65]13 .31|13.88]14.35]14.74/15 03/15 .22 
20 -99 Q-IT}LO.1S]1T.10]11.96/12.72)13.40/13.97|14.44114.83/15.12]15.31 


7 

7 

8.05] 9-17/10.22|11.18]12.04)12.81/13.49|/14.07]14.54/14.93/15.22115.41 
fe) 8.11] 9.24/10. Z0]11. 26/12. 13]12.91/13.59/14. 18/14 .05]15 .04]15 34/15 .53 

8.18] 9.32/10. 38]11. 35/12. 23]13-O1]13.70]14.28]14.77/15 16/15 .46]15 65 

8.24] 9.40}10.47]11.45112.33]13.12113.82|14.41/14. 90115 .30/15.59/15.79 

8.32) 9.4Q|10.57/11.56]12.45113.25|13.95|14.54]15 04115 .44/15.74]15.Q4 
20 8.41] 9.59/10.68]11 .68/12.58]13.38)14.09]14.6g]15. 20115 60/15 .go]If 10 
40 8.50] 9.69/10. 80]1181]12.72]13.53/14.24114.85]15 237/15 .77|16.08]16.28 
° 8.60] 9.80/10.93]11.94]12.86]13.6g/14.41]15 .03115. 54/15 .95/16.27116.47 
20 8.71] 9.93/11.06]/12.09]13.02]13.86)14.59]15.21|15.73]16.15|16.47116.67 

8.82}10.06/11.20]12.25]23.19]/14.04]14.73/15.41]15.94]16.36|16.68)16.89 

8.g4{IO. 20]11. 36]12.42/13.38/14.23]14.98/15 .62/16.16]16.59)16.93|17.12 
20 9.07/10. 34/11. 53]12.60]13.58/14. 44/15. 20/15 .85]16.39]16.84/17.16117.38 

5 


21/10, SO|LT.70}12.79]13.78/14.67/15 .44)16.10]16. 64/17. 10/17.42117.64 

»36/10.68)/11.89]13.01]/14.01]14.gol15 .69]16.36)16.91117.37/17.70117.93 

20 | 9.52/10. N6]12.10]13.22/14. 25/15. 15/15 .y6116.64|17. 20/17.67/18.00]18 . 23 

40 9. Og}11.05]12.31]13.46)14.50]15.42/16.24)16.94]17.51/17.98/18.32/18.56 
pec. 9 Q-B7{11. 26/12. 54)13.71/14.77115 271/16. 54/17.26/17,84)18. 31/18 .67|18.91 

Q 20 |10,06)11.48/12.79/13.98]15 .06]16.02/16.87/17.59|18.19]18.67/19.04]19.29 

Q 40 |10.27/11.71/13.05]14.27/15 «37/16. 35/17 .22/17.95|18.56]19.06/19. 43/19 .68 

10 O  {10.49]11.96]13.33]14.57/15.70]16.70]17.58|28.34]18.96]19.47/19.84/20.09 

-1O 20 .|10.73]12.23/13.63114.90]16.05117.07/17.98/18.75119.39]/19.yo!20.29]20.54 

10 40 10.98]12.52173.94]15.25|16.42|17.47/18.40]19.18119.84120.36/20.77/21 .02 

TE © [II.24/12,82)14.28]15 .62/16.82]17 .90]18.85/19.64/20.32/20.86|21.26]21.53 

IX 20° {11.53]13.14]14.65]16.01/17.25]18.35|19.32/20.14/20.84] 21.39/21. 80)22.08 

Ir 40 11.84/13.49/15 .04|16.43|17.71|18.84|1g.83]20.69]21.39/21.96/22. 38/22.66 
14.« 0 12.161 3.8018 .45|16.89118. 19119. 36|20. 38]21.28]21.97|22.56123 0012329 


00 D0 COMI’ KDW Peeters Se 


| Second Part. 


h. m. s 8 s s s $ s 3 8 s 8 s 
ae 2.70| 2.89] 2.99] 2.99] 2.91) 2.74] 2.50) 2.19] £.82} 1.41] 0.96] 0.49 
4-20 2.66} 2.85] 2.95] 2.95] 2.87] 2.70] 2.47] 2.16] 1.80] 1.39] 0.95] 0.48 
3. 40 2.62] 2.80] 2.90] 2.91] 2.83) 2.656] 2.43] 2.13] 1.77] 1.37] 0.94] 0.47 
re) 2.58] 2.76] 2.85] 2.86] 2.78) 2.62] 2.39] 2.09] 1.74] 1.35! 0.92] 0.47 
4 20 2.53) 2.71] 2.80] 2.81] 2.73] 2.57] 2.35] 2.05] 1.71] 1.33] O.90] 0.46 
4 40 2.48] 2.66] 2.75] 2.75] 2.68] 2.52] 2.30] 2.01] 1.68] 1.30] 0.881 0.45 
5 oO 2.43| 2.60] 2.69] 2.69] 2.62) 2.47] 2.25] 1.97] 1.64] 1.27] ©.86] 0.44 
me ie 2.37] 2.54] 2.62) 2.62] 2.55) 2.41] 2.10] 1.92] 1.60] 1.24] 0.84] 0.43 
5 40 2.30] 2.47] 2.55] 2.55] 2.48] 2.34] 2.13] 1.87) 1.56] 1.21] 0.82) 0.42 
64+) 0 2.23] 2.39] 2.47| 2.48! 2.41] 2.27] 2.07] 1.81] 1.51] 1.17] 0.80} 0.41 
6 4 2.16] 2.31] 2.39] 2.40] 2.33] 2.20] 2.01] 1.75] 1.46] 1.13] 0.78) 0.3 
6 40 2.08] 2.23] 2.31] 2.31) 2.25] 2.12] 1.93] 1.69] 1.41] 1.09] 0.74) 0.3 
7 0 2.00} 2.14] 2.22] 2.22] 2.16] 2.04] 1.85] 1.62] 1.35] 1.05] 0.71) 0.36 
4-20 1.91] 2.05] 2.12] 2.12] 2.06] 1.94} 1.77] 1.55] 1.29] 1.00] 0.68] 0.35 
7 40 1.82] 1.95] 2.01] 2.02] 1.96] 1.85] 1.68] 1.48] 1.23] 0.95] 0.65] 0.33 
8 oO 1.72] 1.84] £.90] 1.91] 1.85] 1.75] 1.59] 1.40] 1.16] 0.9c] 0.62] 0.31 
8 20 1.60] 1.73] 1.79] 1.79] 1.74] 1.65] 1.50] 1.31] 1.09] 0.85] 0.58] 0.29 
8 40 1.50] 1.61} 1.67] 1.67] 1.62] 1.53] 1.40] 1.22] 1.02] ©.79] 0.54] 0.27 
Grn 9 1.38] 1.48] 1.54] 1.54] 1.49] 1.41] 1.28] 1.13] 0.94] 0.73] 0.50) 0.25 
Q9 20 1.26] 1.35} 1.40] 1.40] 1.36] 1.28] 1.17] 1.03] 0.86] 0.66] 0.45] 0.23 
9 40 1.133] 1.21] 1.26} 1.26] 1.22] 1.15] 1.05] 0.92] 0.77] 0.59] 0.40} 0.21 
10...0 0.99] 1.06] r.11] 1.11] 1.10] 1.01] 0.92] 0.85] 0.68} 0.52] 0.35] 0.18 
Id 20 0.85] O.g1| 0.95] 0.95] 0.92] 0.86] 0.79) 0.69] 0.58] 0.45] 0.31] 0.15 
Ia 40 0.70] 0.75) 0.78] 0.78] 0.76] 0.71] 0.65] 0.57] 0.47] 0.37] 0.25) 0.33 
Il oO 0.54] 0.57] 0.60] 0.60] 0.58] 0.55] 0.50] 0.44] 9.36] 0.28] 0.19] 0.10 
Ir 20 0.37| 0.40} 0.41] 0.41} 0.39] 0.37] 0.34] 0.30] 0.25) 0.19] 0.13] 0.07 
II 40 0.19] 0.20] 0.23] 0.21] 0.20] 0.19] 0.17] 0.15] 0.13] 0.10] 0.07] 0.04 
12 0 ©.00] 0.00} 0.00} 0.00] 0.00] 0.00} 0.00] 0.00] 0.00} 0.00/ 0.00} 0.08 


TABLE XXXVI. 


EQUATIONS TO EQUAL ALTITUDES. 
First Part. 
Sun’s Longitude. 


Interval, 


28/13. 76 13.14]12.41/T1.§7/10.62 
8/14.37|13. .22/12.49}(1.64]10. 68 
40113. o31/12.57/11.71|10.75 
57/14. 4112. 66/11.80]10.83 
69/14. 52/12. 70/11 .gojlo.g2} 9 
.82/14.29/13.64]12.87/12. 0111.02] Q. 
96/14. -77|13-OO|/12.12|TT.13|10.03 
~11{T4. -Q1/13.13}12.24]11. 24/10. 


.28}T4. .06]/13.27|12.37111.36]T0. 
.46/14. 22/13 .42/12.51/11.4g]10. 
65/15. -40]13.59/12.67|11.63/T0. 
86/15. -§9]13.77/12.84|11.7G110. 
),O8}15 .49'14.79|13.96]13.02/11.g6|Io. 
3115. .OL]I4.17|13.21]12.13/T0.93 
56115. .24|14.39|/13.41]/12. 31/11. 
.82/16, -49]14.62]13.63/12.51/0T. 
»11/16.49/15 .75]14.87|13.86/12.72|11. 
42/16, .O3/15.14/14.11/12.Q5]I1. 
75/17. 33/15 .42114.37113.20]1T. 
-IO]L7 44 16.65/15 .7214.65]13.45192. 
-47\17. .99]16.04|/14.95]13.73/12.: 
-86]18.18'17. 35/16. 38/15 .27/14.03/12. 
28178, -74|16.75|1§ 61/14. 34/12. 
-73|19.02/18.15]17. 14/15 .98/14.67|13. 
.21/19.48'18.60}27.56)16.37/1§ .03/13. 
-72|19.98'19.07118 .00}16. 78/15 .41/13.§ 


co OO OOMINI SY bs alec ce eae =e 


.27120.5019.57|18.48/17. 23/15 .82/14.25 
8slar. 06'20.11/18. ggit7.70116.25|14. 63 
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TABLF. XXXVI. 231 
EQUATIONS TO EQUAL ALTITUDES. 
First Part. : 
Sun's Longitude. 


Interval. VIIL Signs. IX Signs. 

of 7 5° | 10° J 159] 209] 25°] 08 | 5° | ro? 15°] 20°] 25° 

pt Past) bast 8 eee | acct tf ctr |) rie ties, | 

h. m. 8 s s s 8 s 6 8 s s s s 
arc, 0 8.42] 7.18] §.85] 4.45] 3.00] 1.51] 0.00] 1.41] 3.00] 4.46] 5.87] 7.20 
a tr20 8.47] 7-22] §.88! 4.48] 3.02]°'1.52] 0.00] 1.52] 3.02] 4.49] 5.90] 7.24 
3 40 8.53] 7-27] 5-921 4.51] 3.04] 1.53] 0.00] 1.53] 3.04] 4.52] 5.94] 7.29 
4 9 | 8.59] 7-321 5-97] 4-54] 3-06] 1.54) 0.00) 1.54] 3.07] 4.55] 5-99] 7-35 
4 20 8.66} 7.38) 6.02] 4.58} 3.09) 1.55] 0-00] 1.55] 3.04] 4.59] 6.04] 7.41 
4 40 8.74] 7.45| 6.07] 4.621 3.11] 1.56) 0.00] 3.57] 3.12] 4.63| 6.09] 7.48 
6. 5 8.82] 7.52] 6.13) 4.66] 3.14) 1.58] 0.00) 1.58] 3.15) 4.67) 6.15] 7-55 
5 20 8.91] 7-59] 6.19] 4.71] 3.18] 1.60] 0.00] 1.60] 3.18] 4.72) 6.21 7.62 
5 40 9.01] 7-68] 6.26] 4.76] 3.21) 1.62] 0.00] 1.62] 3.21] 4.77] €.28] 7.70 
ct Wee Q.13} 7.76) 6.33] 4.82] 3-25] 1.64] 0.00] 1.64] 3.25] 4.83] 6.35] 7.79 
6 20 9.22) 7.86] 6.41) 4.88] 3.29] 1.66] 0.00} 1.66] 3.28) 4.89] 6.43] 7.89 
6 40 9-34] 7-96] 6.49] 4.94] 3.331 1.68) 0.00] 1.68] 3.33] 4.95] 6.51] 8.00 
7 0 9-48} 8.07] 6.58] 5.01] 3.38) 1.70] 0.00] 1.70] 3.38] §.02] 6.60} 8.11 
7 20 g-6t| 8.19} 6.68} 5.08] 3.43] 1.73] 0-00] 1.73] 3.43] 5.09] 6.70] 8.23 
7 40 9-76] 8.32] 6.78] 5.16] 3.48] 1.75] 0-00] 1.75] 3-48] 5.17| 6.80) 8.36 
a Sty 2.0 9-92] 8.45] 6.89] 5.24] 3-54] 1.73] 0.00] 1.781 3.54] 5.26] 6.91] 8.49 
8 20 |10.09} 8.59] 7.01] 5.33] 3.60] 1.81] 0.00] 1.81} 3.60) §.35] 7.03] 8.63 
8 40 |10.27] 8.75] 7.14] 5.43] 3.66] 1.84] ©.00] 1.84] 3.66] 5.44] 7.16) 8.79 
Q9 O j10.46} 8.92] 7.27] 5.53] 3-73] 1.88 0.00] 1.83] 3.73] 5.54) 7.29] 8.95 
Q 20 |10.66} 9.09] 7.41) 5.64] 3.80] 1.91] 0.00] 1.92) 3.81] 5.65) 7.43] 9.32 
9 40 |10.88] 9.27] 7.56] 5.76) 3.88] 1.95] 0.00] 1.95] 3.89! 5.77] 7-59] 9.31 
10 O | |II.II] 9.47} 7.72] 5.88) 3.96] 1.99] 0.00] I.9y] 3-97] 5.89] 7-75] 9.51 
10 20 {11.36} 9.68} 7.89] 6.01] 4.05} 2.04] 0.00] 2.04] 4.06] 6.02; 7.92] 9.72 
IO 40 |11.63} 9.91] 8.08] 6.15] 4.14] 2.09] 0.00] 2.09] 4.15] 6.17] 8.11] 9.95 
Ir O- |rt.grjto.15} 8.28) 6.30) 4.24] 2.14] 0.00] 2.14] 4.25] 6.32] 8.31]10.19 
Ir 20 |12.21/10.41] 8.47] 6.46] 4.25] 2.19] 0.00} 2.19] 4.36] 6.48] 8.52110.45 
Ir 40. |12.54}10.68] 8.71] 6.63] 4.47] 2.25] 0.00] 2.25] 4.48] 6.65] 8.74/10.74 
12 O- |12.89]10.98} 8.96] 6.81] 4.59] 2.31] 0.00} 2.31] 4.60} 6.83) 8.98)71.02 


Second Part. 


er Caer tes ot ae a fl I Po | 

h.. m. s s s s s s S s 8 8 s r) 

Zh. O 2.86] 2.57] 2.18] 1.71] 1.18} 0.60] 0.00] 0.60] 1.18] 1.72] 2.19] 2.58 

3. 20 2.82] 2.53] 2.15} 1.69] 1.17] 0.60] 0.00] 0.60] 1.17] 1.70] 2.16] 2.54 

3 40 2.781 2.49] 2.12] 1.67] 1.15] 0.59} 0.00] 0.59] 1.15} 1.67] 2.13] 2.50] ff 

4 .0 2.73) 2-45) 2.08] 1.64) 1.13} 0.58} 0.00] 0.58] 1.13] 1.64] 2.09; 2.46 

4 20 2.68] 2.411 2.05] 1.61] 1.1L] 0.57] 0.00] 0.57] I.11] 1.61} 2.05) 2.42 

4 40 2.63] 2.36] 2.01] 1.58] 1.09} 0.55] 0.00) 0.55] 1.09] 1.57] 2.03] 2.37 

5.0 2.58] 2.31] 1.96] 1.54] 1.06] 0.54] 0.00} 0.54] 1.06] 1.54] 1.97] 2.32] | 

54 20 2.51| 2.25] I.g1] 1.50] 1.04] 0.53] 0.00) 0.53] 1.04] 1.51] 1.92] 2.26) 

5 40 2.44] 2.19] 1.86] 1.46} 1.01] 0.51] 0.00] 0.51} 1.07] 1.47] 1.87] 2.20 
EXOT, O 2.37] 2.12] 1.81] 1.42] 0.98] 0.50] 0.00] 0.50] 0.98] 1.42] 1.81) 2.13 

6 20 2.29) 2.05] 1.75] 1.37] 0.95] 0.48] 0.00] 0.48] 0.95] 1.38] 1.75] 2.06 

6 40 2.21} 1.98] 1.69] 1.32] 0.91] 0.47] 0.00] 0.47] 0.91] 1.33] 1-69] 1.99 

7-131. 0 2.12] I.gt| 1.62] 1.27] 0.88] 0.45] 0.00] 0.45] 0.89] 1.27] 1.62) I.gr 

7 20 2.03] 1.82] 1.55] 1.22] 0.84] 0.43] 0.00] 0.43] 0.84] 1.22] 1.55] 1.83 

7 40 1.93! 1.73) 1.47] 1.16) 0.80] 0.41) O.00} 0.41] 0.80} 1.16} I. 1.74 

8 Oo 1.82] 1.63] 1.39] 1.09] 0.75] 0.38} 0.00] 0.38] 9.75] I.10} 1.39] 1.64 

8 20 1.71] 1.53] 1.31] 1.02] 0.71] 0.36] 0.00} 0.36] 0.71] 1.03] 1.31] 1.54 

8 40 1.59! 1.43] 1.22] 0.96]. 0.66) 0.34] 0.00] 0.34] 0.66) 0.96) 1.22] 1.44 

9 Oo 1.46] 1.32] 1.12] 0.88; 0.61] 0.31] 0.00) 0.31] 0.61] 0.88) 1.13] 1.33 

g 20 1.34] 1.20} 1.02] 0.80] 0.55] 0.28] 0.00] 0.28] 0.55] 0.80} 1.03} 1.21 

9 40 1.20) 1.08] 0.92] 0.721 0.50] 0.25] 0.00] 0.25] 0.50] 0.72] 0.92] 1.09 

IO0 Oo I.05} 0.94] 0.81] 0.631 0.44] 0.22] 0.00] 0.22) 0.44] 0.64] O. vn 

Io 20 0.90} 0.81] 0.69] 0.54] 0.37] 0.19] 0.00] O.Ig] 0.37] 0.55] 0.69] 0.81) § 

IO 40 0-74] 0.66] 0.57] 0.44] 0.31] 0.16] 0.00} 0.16) 9.31] 0.45] 0.57) 0.67 

Il oOo 0.571 0.51] 0.44] 0.34|.0.24] 0.12] 0.00] O 32] 0.24] 0.35] 0.44] 0.51). 

Ir 20 0.39] 0.35] 0.30] 0.23] 0.16] 0.08] 0.00} 0.08! 0.15] 0.24] 9. 0-35 

Ir 40 0.20} 0.18] 0.15] 0.12! 0.08) 0.04] 0.00] 0.04] 0.08] 0.12} O.1S$] O.1 

12 ° 0.00} 0.00] 0.00] O ool Q.00} 0.00} O.00} 0.00} 0.00 0.0) 0.50} 0.00 


232 TABLE XXXVI. 
EQUATIONS TO EQUAL ALTITUDES. 
First Part. 
Sun’s Longitude. 
Interval X Signs. XI Signs. XI1LS 


° O [109 [| 15% | 209 [ 259] of | 5° | 10] 159] 209] 25°] © 
h. m.| s s s s s s s s s s s 5 s 
3 | 8.46} 9.63]10.70)/11.66)12.51/13.26/13.89]14.42|14. 84/15 .15]15 . 36/15 647/15 .47 
3 20 | 8.51) 9.69/10. 76/11.73]12.59]53.34]13.98]14.51/14.93]05 25115 .46]15 .56)15.57 
3 40 | 8.57] 9.75/10.83/11.81/12.68/13.43]14.08]14. 61/15 .03/15 .35|15 .57|15.67/15 .68 
4 O| 8.63} 9.82/10. g1/11.90|12.77/13.53/14.18/14.72/15 -14]15.46]15 .68]15.78/15.79 
4 20 | 8.70} 9.Qo]11.00]12.00]/72.87/13.64]/14. 29/14. 84/15. 27115 «59/15 .80]TS .g1|15.93 
4 40 | 8.78) 9.gg]11.10/12.10)12.99]13.76]/14.42/14.97]15 .4O}15. 73115 .95|16.05|/16,.07 
§ © | 8.86/10,09]11.23/1%.27/13.15/13.89)14.55]15.11/15.55|15 .88]/16, 10/16. 21/16. 22 
§ 20 | 8.95/10. 1Q]IT.32/£2.34/13.24/14.03/14.70|1§.26]15 .71|16.04|16. 26/16. 37/16. 38 


co ree | | fe fl —— | — - — | CS | | Ss 


40 | 9.05/10. 30/11. 44]12.48)/13.39]14.18/14.86]T5 43/15 .88]16.21)16.44]76.55/56.55 
O | 9.15]10.42]11.5§8/12.62113.54/14.35]15.04/15§ .61/16.06]16.40]16.63116.74|16.75 
20 | 9.27/10.55/11.72/12.77|13-71/14.5 a] 15.23/75 80116. 26/16 .60]16.83]16.95/16.95 
40 | 9.39} 16>. 69/11 .87/12.94|13.89]14.72/T§ .42/16.01/16.48]16.82]17.05]17 17/17. 185 

3|12.04]1; -08]14.92]15 .63]16.23}16.71]17 06/17. 29|17 41/17 . 42} 
20 | 9.66/10.99]12.21]13.31/14.29|15 .14]15 .86/16.47/16.95]17. 31117-54117 .66)17.67 
40 | 9.81/11. 16]12.40]13.52114.51]1§.37)/16.13|16.72]17. 21/17 .5 7/17 81/17 94/17 .94 
O | 9.97/11. 34]12.60]13.74)14.74115 .62/16.37/16.99]17.49]17. 86/18. 10)18.23/18.23 
29 |TO.14]11.54/12.82173.97/14.99/15 .89116.65|17.28/17.79/18.16/18.41/18.54/18. 54 
4O. |TO.32|11.74/13.05|14. 22/55 .20/16.17/16.95|17.59)18.10/18.48]18. 74/18 .87|18.87 


—_—_—_—— |= | | | || | | | | | | | —— | 


©. |10.5§1}11.96]13.29/14.49]15 .55|16.47117.26)17.92/18. 44/18 .83/19 .09|19. 22119. 22 
20 410.72/12.20/13.55114.77|T5 .86/16.79|17 .60|18.27118 80/19. 20]19.46}19. 60/19. 61 
5 T0.94{12.44|13.83]15 .07/16.18]17.14|17.96|18.65|T9.19|19.59|19.86|20.e0)20.01 

1I.17/12.72/14.12/15 639/16.52117.51/18. 35/19 .05|19 .60]20.01/20. 28120.43]/20. 44 

IT.42/13.00|14.44|15 .74|16.89]17..90/T8.76/19.47/20.04]20.45|20.73|20.89/20.91 
IO 4% jit, 69/13. 30/14.78]/16. 11|17.29|18.32/19.19/19.92|20.50/20.94/21.22/21. 37/21. 38 
IT O j21.97|13.62/15.14|16.52117.71|18.76 19.66/20,41 21 .00/21.45/21.74]21 .89|27. 91 
IE 20 |12.28/13.97|F5 .§2|16.92/18.16)19.24/20.16/20.97/21.54/21 .99|22.29/22.45|22. 46 
Il 40 |12,60]14.34]15 .93/17.37]/18.64/19.75|20.69/21.48/22.11/22.57|22.83)/23 .04/23.05 
12 O |12.94/14.73116.37117.84/19.15|20.29 21.26'22.07/22.72 23.20/23 .52/23.68'23 .69 


Second Part. 
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h. m.j 5s s 8 s s 
3 0 | 2.87] 3.06] 3.16] 3.16] 3.06] 2.87] 2.60} 2.27] 1.88] 1. ©.50] 0.00 
3.20 | 2.83] 3.03] 3.12] 3.12) 3.02] 2.84] 2.57] 2.24] 1.86] 1 0.49] 0.00 
3 40 | 2.79] 2.99] 3.08] 3.07) 2.98] 2.80] 2.54] 2.21] 1.83] 1 0.48] 0.00 
4 O| 2.74] 2.94] 3.03] 3.02] 2.93] 2.75] 2.50] 2.18) 1.80] 1.: ©.47| ©.00 
4°20 | 2.70] 2.88) 2.97] 2.97] 2.88] 2.70] 2.45] 2.14] 1.77] 1. ©.47| ©.00 
4 40 | 2.64] 2.82] 2.91] 2.91] 2.82] 2.64] 2.40} 2610} 1.73] 1. oO. ©.00 
§ ©] 2.58] 2.76] 2.85] 2.84] 2.76] 2.58] 2.35] 2.05) 1.69] 1. 0.45] ©.00 
§ 20 | 2.52] 2.69] 2.78] 2.77] 2.69] 2.52] 2.29] 2.00] 1.65] 1. 0.43] ©.00 
5 40 | 2.45] 2.62] 2.70] 2.70] 2.62) 2.45] 2.23] 1.94] 1.61, 1. 0.42] 0.00 
6 0 | 2.38] 2.54] 2.62] 2.62) 2.53] 2.38] 2.16] 1.89) 1.56] 4. 0.41] 0.00 
6 20 | 2.30} 2.46] 2.53] 2.53] 2.45] 2.30] 2.09] 1.82] 1.57] 1. 0.40] 0.00 
6 40 } 2.221 2.37] 2.44] 2.44] 2.36] 2.22] 2.01] 1.76) 1.46] 1. 0.38] 0,00 
7 0} 2.13] 2.28] 2.34) 2.34] 2.271°2.13] 1.93] 1.69] 1.40] 1. 0.37] 0.00 
7 20 | 2.04] 2.18] 2.24] 2.24] 2.17] 2.04] 1.85] 1.61] 1.34] 1. 0.35] 0.00 
7 40 | 1.94] 2.07] 2.13] 2.13] 2.06] 1.94! 1.76] 1.53] 1.27] 0. oO. 0.00 
8 0 | 1.83] 1.96] 2.02] 2.01] 1.95] 1.83] 1.66] 1.45] 1.20] 0. 0.32] @ CO 
8 20 | 1.72] 1.84] r.go} 1.89] 1.83] 1.72] 1.56] 1.36] 1.13] 0. O. ©.00 
_8 40 | 1.60) 1.71] 1.77] 1.76] 1.71! 1.60] 1.45] 1.27] 1.05] 0. 0.28] 0.00 
9 Of} 1.48) 1.58) 1.63] 1.62] 1.58] 1.48} 1.24] 1.17] 0.97] O. O. 0.00 
9 20 | 1.35] 1.44] 1.48] 1.48] 1.44] 1.35; 1.22] 1.07] 0.88] ©. O. ©.00 
9 40 | 1.21] 1.29} 1.33] 1.33] T.29] 1.21] 1.09] 0.96] 0.79] O. QO. ©.00 
IO O| 1.06) 1.13] 1.17] 1.17] 1.13] 1.06] 0.96] 0.84] 0.70] oO. oO. 0.00 
IO 20 | 0.91] 0.97} 1.00} 1.00] 0.96] 0.91] 0.82] 0.72) 0.60] a. O°. ©.00 
TO 40 | 0.75] 0.80} 0.82} 0.82] 0.79} 0.75] © 67] 0.59] 0.49] O. 9.53; ©-CO 
Ir 0 | 0.57] 0.61) 0.63] 0.63] 0.61] 0.57] 0.52] 0.45] 0.37] ©. 0.10] ©,00 
II 20 | 0.39} 0.42] 0.43] 0.43} 0.42] 0.39] 0.36] 0.31] 0.26) oO. 0.07] ©.00 
It 40 | 0.20] 0.22] 0.22] 0.22] 0.21] 0.20] 0.18] 0.16} 0.13] 0. 0.C4} C. 
TZ O | 0.09] 0.00] 0.00] 0.00] 0.00] 0.00} 0.00} 0.90! 0.00} O. 0.001 O. 


| ER EO Neti oe 


TABLE XXXVI. : 933 


To reduce the EQUATION OF TIME to any given Time from Noon at 
Greenwich. 
When Eq. of time § Add after noon. When Eq. of time { Sub. after noon. 
is increasing, Sub. before noon. is decreasing, Add before noon. 


Daily Variation. 


Is | 23 | 4s | 68 | 86 | ros | 128] 146] 169] 188 | 205] 225 | 248 | 268 | 288 | 308 
SP SPs.) Mellie tse 8 iis. Fs 3) es | 8 ies pasos) is fs 
O.0] 0.0] 0.1] 0.1] 0.2] 0.2] 0.3] 0.3] 0.3] 0.4} 0.4] 0.5] 0.5] 0.5] 0.6] 0.6 
0.0] 0.1] 0.2] 0.2] 0.3} 0.4] 0.5] 0.6} 0.7] 0.8] 0.8, O.g] 1.0] 1.1] 1.2] 1.2 
O.1] 0.1] 0.2] 0.4] 0.5] 0.6] 0.8] O.g} T.0] 1.1] 1.3] 1.4] 1.5} 1.6) 1.7] 1.8 
Of1}- 0.2] 013) 6.$1/'O.7| 0.8] 1.0] 1.2] 1.3) 255) 2.9) 71.8) 2017902) 2.8) 2.5 
Of1] 0.21 0:41 0.6)°0.0] 1.0) 1.3] 2.5] F-7] 129] 2.31"2.3) 225/79. 7192-913. 
etl Oes! O15, 0.7) 150) 1.2) X.5t-1.o) 3.0) 2.2} 2.5) 357 3.01) 2.91 3.5)"3 8 
Odes) 0:0) 0.01/15 2) Tis) 1.5) 2.0) 9. 31°26) 2.91532) 3. 5b See Ati 4 8 
ements 71 LeOrle3) Soe) ocr 203) 2.01, 5-0) 9.31. 3571 4.011454) ae gee Suc 
0,2] 0.4] 0.7] I.1| 1.5] 1-9]'2.3] 2.6) 3.0] 3.4] 3.71 4.11 4.5] 4.9] 5.2] 5-6 
0.2] 0.4] 0.8] 1.2)°1.9] 2.1] 2.5] 2.9] 3.31) 3.8] 4.2) 4.6] 5.0] 5.4] 5.8] 6.2 
0.2} O.5] 0.9] 1.4] 1.8} 2.3] 2.8] 3.2] 3.7] 4.1) 4.6) 5.0} 5.5) 5-9] 6.4] 6.8) | 
O,2] 0.5] EO} 1.5] 2-0] 2.5] 3.0) 3.5] 4-0] 4.5] 5.0] 5.5] 6.0] 6.5] 7.0} 7.5 
O.3] 0.5] 1-1] 1.6] 2.2] 2.7] 3.3] 3.8] 4.3] 4.9] 5.4] 5.9] 6.5] 7.0] 7.6} 8.1 
0.3) 0.6] 3.2) 1.7) 72.3] 2.9] 3.5] 4.1] 4.7] 5.2) &.8] 6.4] 7.0] 7.5)RB.11 8.9 
0.3] 0.6] 1.2] 1.9] 265] 3.1] 3.8] 4.4] 5.0] 5.6] 6.3] 6.9] 7.5] 8.1) 8.71 9.4 
0.3) 0.97] 1.3] 2.0] 2.7] 3.3] 4.0] 4.7] 5.3] 6.0] 6.7] 7.3] 8.0] 8.6) 9.3]10.0 
O.4] 0.7] I.4} 2.1] 2.8] 3.5] 4.3] 5.0] 5.7] 6.4] 7.1] 7-8} 8.5] 9.2] 9.9]10.6} | 
O.4] 0:7/'1.5] 2.2] 3.0] 3.7] 4.5] 5.2] 6.0] 6.8] 7.5) 8.2] 9.0] 9.7]10.4]11.2 
0.4} 0.8] 1.6} 2.4) 3.2] 4.0] 4.8) 5.5] 6.3] 7.1] 7-9] 8.7] 9.5|10.2|11.0H1.8 
0.4] 0.8] 1.7] 2.5] 3.3] 4-2] 5.0] 5.8) 6.7] 7.5] 8.3) 9.2/10.0]/10.8}49. 6)12.5 
©.4] 0.9] 1.7] 2.6] 3.5) 4.4] 5.3] 6.1] 7.0] 7.9] 8.7] g.6/10.5111. 4; Paget 1 
0.5] 0.9] 1.8} 2.71.3.7] 4.6] 5.5] 6.4] 7.3] 8.2] 9.2/10.0]rT.O11£.9]12.8}73.7 
O.5] 1.0] T.q) 2.9] 3.8) 4.8) 5.8) 6.7) 7.7! 8.6) 9. 6/10. 5/17. 5]12.4113.4]14.4 
O.5| 1-0 2.0] 3.0] 4.0] 5.0] 6.0] 7.0] 8.0] g.0]10.0]11.0]12.0]13.0]14.0]15 .0 


TABLE XXXVIII. 
To reduce the SUN’s LONGITUDE to Noon under a given Meridian. 


Sun’s Longitude. 
| IVs.| Vs. | Vis. |VIIs.VilIs|IXs.| Xs. | RIs.]K4Ts. 


-_—————— | | Fs | J J -— | i fj 


auger i. i, WAT ae Po IPL 1 rat te RN Cerri l ) Hater GP Babel ears 
6 10 59] 0 58] 0 57] 0, © 57] 0.58) oO 59] 0 59} F Of X A] I I/F TO 5Soln] 
12 I 59} 1 56] 1 55] 1 I §4).1 56/1 $5] I.59}),. 2 3} 2 2).2 | 2hiae WE sol" y 
18 2 58] 2 55] 2 $2) 2 2 511 2 54) 2 57/2 59/3 113 313 313 U2 58) 
24 | 3 58] 3 53} 3 5° 3 3 491 3 521: 3°56] 3 5914 214 514 4/4 2]-3 58) 
30 | 4°57] 4.52] 4 48] 4/461 4 47] 4 501 4.54) 4 5915 315 O15 $| 5 2 4 57). 
36 15 57} 5 501 5 46] 5 5 441 § 471 5 5315 59) 6 3)6 716 66 2) 5 57 
42 6 56) 6 48] 6 43} 6 6 41|' 6 45) 6 52] 6 59] 7 PV ie =) Wir ity ly i 2S) 
48 | 7 56] 7 47) 7 41 7 7 3817 43175117 5918 5/3 918 8 8 3/7 56 
54 | 8 55} 8 45] 8 38) 8 8 35} 8 41) 38 50) 8 sg 9 6] 9 IIL 9 9 9 4 8 55 
60 | 9 551 9 44] 9 36] 9 321 9 331 9 391.9 48] 9 5Q]10 7{1O 12/10 TOO 4} 9 55 


—_———— 


66 {IO 54|10 43/10 33/10 
4% FIX S4{tT 4rjir 3111 
98 J12 §3/12 40)12 29/12 
84 {£3 53/13 38/13 26/13 
go 134 52114 37/14 24114 
g6 |TS 52/15 35/15 20/15 

16 51/16 34/16 9/16 


Z0|/10 37/10°47|10 59/11 7l1L 13/11 Li/it 
Q7III 35/11 46|1I Sglrz2 B12 14j12 12/12 
25/12 33/12 45112 $9173 9/13 15]13 13/13 
22/13 31/13 44/13 59|14 Io|I4 17/14 14114 
20|14 29/114 43/14 58]15 
17|T5 27/15 42|15 58\16 12/16 z9|16 17/16 
15{16 25116 41/16 58/37 12|17 20/77 18:17 
17 5117+ 32|17 17/17 12|T7 23/17 40/r7 58/18 13/18 21/18 19:18 
18 50/18 31]18 15|18 g|18 21/18 39/78 58/19 14]19 23]/19 20,19 BITS So) f 
19 49|T9 29j19 13/19 7/79 T9119 3719 §8]20 15/20 24/20 24120 Bi1g 49 
20 49/20 27/20 I0|20 4|20 17|20 36/20 58]ar Isj2t 25)2% 22)21 8)20 4 
21 48|21 25/21 8/20 Tj2I 15/21 35/21 §8/22 16/22 26/22 25:22 9/21 48 
22% 48|22 24/22 Olax 58]22 13/22. 34)22 58/23 17/23 27/23 24/23 9)22 48 
23 47/23 22/23 3/22 §6/23 11/23 33/23 58|24 18|24 29/24 25124 10/23 47 
24 47|24 21|24 1123 53124 8/24 32/24 §8)25 18/25 3 
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25 46/25 19/24 58)24 50/25 6/25 31125 57\26°19]/26 31/26 27126 11/25 46 
26 46|26 18/25 56]25 48/26 4126 30/26 57/27 20/27 32127 28)2 11)26 -46 
27 45)27 16/26 54/26 4§|27 2127 29/27 57/28 23/23 33)28 29,28 11/27 45 
28 45/28 15127 51127 39/27 42/28 of28 28128 57/29 22/29 35}29 30:29 12/28 45 
G gr180 {29 44129 13)28 49/28 37/28 40/28 §8]29 26)29 57/30 22/30 36/30 31130 12}29 44 
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TABLE XXXIX. 
Equations of Second Differences. 


Second Difference. 
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Second Difference. 


a > OOM RB AAAMHMOMOT tHeTPMRMmMMOwoOo poo’ oO & nm 
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TABLE XL. 235 
For finding the Time from Noon when the SuN bears true East or West. 


Lat Declination of the same Name with the Latitude. 
129 | 14° | 16° | 18° | 209] 22° | 24° | 26° | 28° | 30° 
© /h.m.|h. m.|h. m.|li. m.|h. m.{h. m./h. m.|b. m.|h. m.(h. m.{h. m./h.m./h. m.|h. m.{h. m.|h. m. 
fe) 06 of6 of6 of6 O16 016 06 O16 Oof6 O16 Of6 O16 O16 O16 O16 oO 
‘ 22/5 31/5 37/5 41/5 4415 46/5 48/5 49/5 50/5 5115 52/5 5215 53 
2 42/5 2/5 14/5 22/5 2815 32/5 35]5 38/5 4015 42/5 44|5 45/5 46 
3 O14 32/4 51/5 3/5 11/5 18/5 23/5 2715 30/5 3315 35/5 37/5 39 
4 1314 14 27/4 43/4 55|5 4]5 10/5 1615 20/5 24/5 27/5 30|5 32 
5 15|3 26/4 1/4 23/4 38]4 49/4 53/5 4/5 10/5 15|5 19/5 22/5 25 
6 O}2 46/3 34/4 114 2014 34/4 45/4 53/5 O]5 5/5 IOl5 14|5 18 
7 5|t 56/3 3/3 39/4 2/4 19/4 3114 41/4 49/4 565 215 7/5 Is 
8 46|O o}2 29/3 14/3 43/4 3/4 17/4 2914 3914 46/4 53/4 5915 4 
| 9 5__9'4 15/3 T4]f SO|t 44/2 47/3 22/3 4614 3/4 17/4 28/4 37/4 44/4 5114 56 
10 |6 27|3 34/2 2910 0/2 16/3 O}3 28/3 49/4 4/4 16/4 27/4 35/4 43/4 49 
tr |6 36/3 49|2 55|I 40] 35/2 35/3 9/3 33/3 51/4 5/4 16/4 26/4 34/4 41 
12 |6 43/4 1/3 14|2 1610 0/2 6/2 49/3 17/3 37/3 53/4 ¢l4 17/4 25/4 3 
13 {6 49|4 12/3 30/2 41|I 32/1 29/2 26/2 5913 23/3 41/3 55/4 7/4 17/4 2 
14 {6 5514 2013 4313 O|2 6/0 olf 58/2 40/3 7/3 28/3 44/3 5714 3814 18 
Is |6 59/4 28/3 53/3 15/2 30/1 26|1 23/2 18/2 50/3 14/3 32/3 47/3 59/4 9g 
16 16 4/4 34/4 3/3 28/2 4gix 5810 off 52/2 32/2 59/3 2013 36/3 4gi4 1 
17 |6 7/4 40/4 11]3 39/3 4/2 21/1 21/t 19/2 11/2 43/3 7/3 25/3 40/3 52 
18 |6 TOl4 45/4 17/3 49/3 17/2 40/T 52/0 OL 47/2 26/2 53/3 13/3 29/3 43 
19 |6 9/5 37/5 1314 49]4 24/3 57/3 28/2 54/2 ait r7/t 16/2 Ola 37/5 113 1913 34 
20 16 015 38/5 1614 5314 2914 413 3713 7/2 32/1 47/0 Olx 43i2 21/2 4713 7/3 24 
21 16 O/5 39/5 18/4 56/4 34/4 11/3 46/3 18/2 47/2 Q|I T4ix 13/2 2/2 32/2 55/3 13 
22 |6 o|§ 4015 20/5 014 30/4 16)3 53/3 28/2 Sg/2 26/1 43l0 Olt 39/2 16/2 42/3 2 
23 16 olf 4115 22/5 3/4 43/4 2214 O13 36/3 rOl2 4oj2 4it 1z/E Tot §8/2 28/2 51 
2 6 Ol5 42/5 24/5 514 4614 2714 613 44/3 20/2 53/2 21/1 3910 of 36/2 13/2 38 
25 |6 O}5 43/5 26/5 814 50/4 31/4 12]3 51/3 28/3 3/2 35/2 Of gt 8 55/2 25 
26 |6 ofS 44/5 27/5 T0l4 53/4 35/4 17/3 57/3 36/3 13/2 47/2 16)r 360 Ol 34/2 g 
2716 0,5 4415 2515 1214 56/4 39/4 2114 3/3 43/3 2212 582 30}1 56)t mt Olt 51 
28 16 o/5 45/5 3015 14]4 59/4 43]4 26/4 813 49/3 29/3 4/2 42/2 T3)t 34/0 Olt 32 
29 (6 0f5 4615 315 16/5 1/4 46/4 30/4 13/3 55/3 30/3 TO/a 53/2 26/1 Sait Or 5 
30 16 of5 4615 32/5 185 414 4914 34/4 1814 113 43/3 2413 2/2 38/2 g/I 3210 oO 
| BE 16 Ol5 47/5 33/5 20|5 6/4 5214 37/4 2214 6/3 49/3 31/3 11/2 49/2 23/1 SIir 4 
3% |6 ol5 47/5 34/5 2115 814 54/4 4014 26/4 11/3 55/3 38/3 Ig/2 58/2 35/2 7\x 30 
1 | 33 16 o'5 48/5 35|5 23/5 10/4 57/4 44/4 3014 15|4 0/3 44/3 26/3 7/2 45/2 20/1 49 
34 16 of5 513 
35 «+16 ols 9/3 
36 16 o 
SF 3100 
38 16 o 
39_|6 o}5 
409 16 off 
42 16 Ol§ 
44 16 Ol5 
46 16 ol§ 
48 16 o5 
59 16 O15 f : 
52 16 of5 54/5 4715 41)5 35/5 28/5 22/5 15/5 8/5 1/4 54/4 46\4 39/4 30/4 2214 13 
54 16 fF 54/5 48/5 4215 37/5 31/5 24/5 1815 12/5 5/4 59/4 52/4 45/4 37/4 29/4 21 
56 16 ol5 55/5 4915 44/5 33/5 33/5 27/5 21/5 15/5 9]5 314 57/4 5014 43]4 36/4 28 
58 _|6 055515 0/5 45] 40/$ 35)5 29/5 24]5 19/5 13/57/5244 55/4 49/4 42)4 35 
60 16 ols 5515 st|s 46/5 41}5 37/5 3215 27/5 22/5 x7/5 1115 615 olg 5514 484 42 
62 16 olf 56/5 5115 4715 43/5 38/5 3415 3015 25/5 2C/5 15/5 TOlS 515 Ol4 54/4 48 
| 64 16 ols 5615 5215 485 a4ls dols 3615 3215 2815 24ly 19/5 15/5 tOls sis O14 55 
66 16 of 565 5315 49]5 46/5 4215 38/5 35/5 31/5 27/5 23/5 TOS 14/5 Tol5 5/5 © 
638 |6 off 57/5 54/5 SOS 47|5 44/5 40/5 37/5 33]5 30/5 26/5 22/5 I9]5 15/5 10]5 6 
72 16 olf 5715 54/5 5115 4815 45/5 4215 39/5 365 33/5 30/5 26/5 23/5 Ils 15'5 12 
92 16 ols 5715 5515 5215 50/5 4715 4415 4115 39/5 3015 33/5 3015 2715 2415 20,5 17 
74 16 olf 5815 5515 53/5 5115 48/5 46/5 44/5 41/5 39/5 3015 33:5 31/5 28]5 2515 22 
76 16 off 58/5 56/5 5415 5215 5015 4815 46/5 4415 41/5 39/5 3715 3515 3215 3015 27 
78_|6 ols 5815 _57|5_55/5_53}5_545 5015 48/5 40/5 -4415 4215 40/5 38/5 3615 3415 32 
6 ols sls sais 561s sais sals stls sols a8ls a7/s 4sl5 aals 42i5 405 3815 371 


236 — TABLE XLI. 


To reduce the Moon’s Horizontal Parallax and Semidiameter to any Time 
under the Meridian of Greenwich. 


i gi ; Reduced Time after*Noon or Midnight. a 
eS Thom.th.m,.!bom.}h.m.{b.m.fh.m.|h.m.jh.m.}hbom.}/h.m,]b.m.|h.m.|b.o.}hom,.|bom.fhom, ke a= 
A Slo rolo 20/0 30/0 4olo sojr of2 off off off O16 of7 Of8 ol9 olfo oltr GE 
FH o* on] ol 0#| on on] onl cr] To" on onl a4] a"] ae gal aa) ga 
8 iio Pe aio A RMT 0 ag GLNB BBA oO Tae bk 2 Rk HAN Rl Chas oes Dll sal Oe dl ae he DR hs 
DOO 1 COLO AO Oe Oni eter a ers) eet oe ae Soke 
RISO LO FOOL FO Pre Lh ee ee STE 9 th ng Rae a eae ae 
Sar | Ont Oc! O12 Of, 04) CY teas Bibs To gat "9 agi aN Saree 5 
Gye Pere ten OL OU I Md a ed oe Bal pe et ee 6! 6 
PION OL. Ooly OF OP Ee et aeie coat gS An) eee) Oe) aeons 
AR Fag + ps gh AR eto Ys Raa I re] a Veg Seg) ga es Th eeiarosr 72) ) 7 aaa 
SO Ou Oi \pOLt) oF I I NS bah 8 BY. Wh AFL Fe 67 ST Brg 
EO OO f0-) Re ET be be 43 astiks Gf} 7). :8ihy Si Or toe 
Po) OR OP rt oF eT Pe ag a ie oo Gt rt PBel? Oto tae 
OG ee oe Mee BOR De it Oa WP og a ak Pic Ae OO i i eT bal are Mee |S Gas | Pps 
BL NOdoo eer Pr oP ab 3h aA SP 6 Ri VOR iga tak teal ae 
SEG Oe Per rea f 3 7s") 6 Sheet) O84 oot ss ore.) ee . 
RS) OC. Oe Bae tae ee alle 5 2 ON ae OF TOR Er Seia ia ee 
Pat Ot Of. t se rs ok re ee ok Ss tae es Oe ec el aes ee eae ee 
Tse Oe OT yee Tr et. a 6 gt Bh TOM Ero E30 eA eG oe 
eee eos kote Ee ee ig 4 Oil ed OM arte! 725) Sal ees tea ee 
Boe Ocak ek EH 2 | Be § 1. OE 8] go 1 In] 13° tat nO erga ag 
BO} 0: PUR ESL td I Bees NOS eo Bip 10) [E2983 ) 15.197 gah ee 
BETO bak Ree SL) Selle tos ee gth tot 14a") taht 16>) ee eee ee 
2 POW ok yo 8 ad a a See oar! 13" 1S -h T7use tO) Zon me 
BOLO, ort rt 2 od 4 OT Bi Too Ite 13°) Ts) 17a) Sa) ee 
go fig ae othe MG le OE 1} 2] 27} 41-6). 84] to [12°] 14°] 16) 18-990") 22° 4-94 
Pee Ook be Tip ir | 2 Pak A] 6h 8 101 1au 15s) 17°) toueeL | We ie 
26] o| I I Rios] at 4h 64 gar’) 23°] 15'4'17-)-200F 2a a eae 
74 eT ba oe Xd. 2] a 4h eee oar | F3'| 16-4 18°) 208f 29a eee 
AbOp VA t | 21.9) 44 (6 Po ab ol 19°71 t4' 1 16-) Toul Bz 29 | 2oeieee 
ag} oj] It I wl oa Qe § 7410 | 12 | 14 | 17 | 19 | 22 | 24 | 27 | 29 
oF. 0,1) 1 242 Hd 5 7. | to | 12 | 15 |.17 | 20] 23 | 28 | 28 30° 
Pere O VME LT | 2 ed Sb. 8b 8 P10. 2371 16 Pro | ores: f 26°F cane 
42} of tr] or) o2)} a)-3] 84.8] 1] 13'| 161191 ar | 24 | 27°) 29 [ga tee 
eR Ed ETP BA aes 31S Oat | 84 | Y6OCP to P.eeeP es os") a ae P 
941 O08 POE 2 ode 3 Os Bip rr rq 37°] 208 225) 26 128 | Sie ae ee 
SOT Ph de 2 ol VOLE o'r rat rsh 170) 2080 e2 | 9641 9g | 3a ee 
PaO Oj 2 Tae ah oh 64 ol atl peob 86h ar Peg | ap 40 1 33 1 36 
Seer Ee ee Ba de Bab OL OU Ra Pee aBCr 22° occ hoe PY ar Zann ae 
3 Res Pe Peete ab sk 6 1 go P92) zo" 79’ t 22°) 25°) Q9- [ead |) 35. Tae 
1 39we tr] rt] 2] 21-34-33] 6] 40 113°) 16 | 19 | 23 | 26 | 29.] 33 136 | 39 
40) r]-1r} 2} 2) 31 31 7] 10] 13] 17 | 20 | 23 | 27 | 30 | 33 | 37 | 40 
4r|) nr| rj 2) 21 31 31.7{10| 14117 | 20| 24 | 27} 31 | 34 | 38 ; 
APP tl a Foa). 38g eae rove 4’ lee! orl. 25! Poet aa tian ag 
43 {zr} rf 2] a1 34> 4b 7] ard tapas) f ar 5 25; | 29-4 32 | 36 | 40 
OT i Se (ee an Ui a ea ee OG ee Be a Gone Cr et Co 
RAST TPE] ad oe 3 a oR Ta Pee toh a2 | 261 Go. |-S4: Fae ae 
46) r4cTl.'2)°3) 3) 4] 84 14 15 P19) 23:1°27 | 31 | 35-4) 384 42 
47) 1] 1] 24°34] 31 4] 84.12) 16 [19 |} 23 | 27 | 31 | 35:1 39 | 43 
43) rir] 2] 3) 3} 4] 8] 121-16] 20 | 24 | 28 7 32 | 36 | 40 | 44 
49) Vl rt]o2t. 3) 31. 4] 8] 124 16 ]-20 | 24] 29 | 33] 37 | ar | 45 
SO} tl tr] 2) 31 4} 4] 8] 12] 17 Jer} 25 | 29 eo 38 | 42 | 40 
EET [ol] Qi 3b. 4) 4) 8 his rear) 25 1.30 | 3g g8 
Be Te 2 re AL 46 canis TPs 264 30.4 Sg eaaD 
Oa AT: oe Ba AT 4 AO Ee tert 221 26 fy at) eo en 
SAP RRS. | ocak £ ea, eye ea BT aah hon) oa.) qOnnaeT 
SS 242) 24°31 A) 6 ft 9 | 14 7 18-123 | 27 | 32 | 37 | 42 
SOT ad a bee heat Shige fal ag | 43°148 | 93 1 expe 
S7YCEI 24.4 )63 4.) S$) -O4 T451 To Lge 28 | 33°[ 38 | 43 
ALS Bes i Ws Bat BA ace PS eee Bi MC 14} To | 24 | 2y | 34 | 39 | 44 
me Pe Saal Sy T5 | 20) 25 | 29°} 34 | 39 | 44 
BPS BS BA GR SS i 45 


TABLE XLI, 


LATITUDES ann LONGITUDES 
of the principal Ports, Harbours, Capes, Shoais, Rocks, &c 


accurate CHARTS and SURVEYS; 
Variation of the Compass. 


The Longitudes are reckoned from the Meridian of Greenwich. 


I. Coast of GREAT BRITAIN, and 
adjacent Islands. 


Places. Latitude. |Longitude. 
Laren ae TON: Sa Sa er SES Uo ed 
LONDON, St. P.|51 30 49N} 0 5 47W 
GREENWICH, obs. |§5t 28 40 |0 © © 
Sheerness Flag Staff|51 26 45 | 0 44 26E 
~ Var. 24° 30° WV. 
EN. Foreland, Bightst re r 26 34 
= Deal Castle ..se6./§5I 13 § I 23 59 
&S. Foreland ...... sy 8 26/1 22 .6 
ts DOVER Castles. ..§5% 7 47 *|.1 19.54 
= Dungeness Light . tose E | 0 69740 
% Hastings ......-..[50 5210 |.0 38 Oo 
S Beachy Head...4./50 44 24 | 0 15 12 
= Brighton ......... 5° 49 32 | 0 7 40W 
Shoreham .3...... 50,50 0.0 16 19 
*Arundel ..\m..66s BO 6h eee 10. 26.46 
Owers, Light....../50 39 57. | ° 39 59 
Selsea Bill....... 50 43 30 |0 47 54 
PortsmoutH Ch,.|50 47 27 | I. 5 57 
ws Cowes .......005, 50 45 37 116 15 
SeBembridge Point . 5° 40 59 | I 5.26 
) = Dunnose:......... a7 7 i> TE etG 
‘> St. Catherine’s Pt. Nie 25°34 pe te Be 
~: Needles Lights .../50 39 53 | 1 33 55 
Hurst Lights ..... SO 4%. 23. 4.19256 
tg NS ae a 5° 42 50 I 58 55 
St. Aldan’s Head..|50 32 30 | 2 5 O 
WEYMOUTH......|50 36 Oo | 2 27 0 
Portland Liglits ../50 31 22 | 2 26 49 
Exmouth Bar..... 50 36 40 | 3 21 30 
Torbay, Berry hd. |50 24 I 3 28 14 
Dartmouth....... §° 19 40 | 3 35 30 
~; Start Point .c4'. <. §0 13 26 | 3 38 20 
§ Praule Point’..... §0 13 15 3 42 30 
| Bolt Head .......|50 13 45 | 3 48 3 
| ,& Eddystone Light../50 10 54 | 415 3 
Hand Deeps ..... 50 33° Oa 
— Ram Head....... 50 18 52 | 4 12 29 
¥ PLymourn Dock.|50 22 19 | 4 9 58 
© Drake’s Island....j50°21 28 | 4 8 18 
a Fowey.. ese ses mie 20 7 | 4 37 3r 
= Deadman’s Point .j§0 13 20 | 4 47 4 
4 Fatmourn, 
—Pendennis Castle|so 8 49 | 5 1 44 
Manacles Rocks ..[50 2 9 |§ 1. 0 
Black Head....../50 112 |5 3.59 
Lizarp Point ..../49 57 §6 | 5 I1 18 
Mount’s Bay, ! 
—Penzanre ....../50 7 30 | § 39 30. 
~-H) Runnelstone, Beac.\50 1 30 «| 5 39° O 
HL Wolf Rock...... $ § CES. AO 0 


Places. 


Land’s End ...... 
Var. 26° 30' W. 


Scilly Islands, 


Burrow Head ....!54 


= 2 
Par pars, ee TS a gee ee 


—St. Agnes Light.}49 53 
—~St. Mary’s ..... 49 54 
The Seven Stomes.!50 2 
Cape Cornwall....{50 8 
Sté lvess ss wccweteloOnl 3 
St. Agnes, Beacon j§0 18 
Trevose Head ..../50 32 
Padstow...’ . «ee. 50 35 
Tintagel Head....}50 40 
Hartland Point...|51 1 
Mort Point....... Stas 
Lundy Isle....... 5I 9 
Flatholm Light ...)51 23 
BRISTOL......... 51 27 
Nash Point....... 51 24 
4_-™Mumbles Pt. & Lt./51 34 
; ¥ Worms Head..... 51 33 
: > = Caldy Island ..... 5137 
ie St, Gowan’s Point. 51 36 
Io St. Ann’s Lights ..|51 40 
} > Smalls Light ..... 51 43 
b | 2 St. David’s Head .{§r 54 
5 Strumble Head .../52 1 
i: Dinas Point......|52 2 
© Cardigan Harbour |§2 7 
™ Aberistwith ......|52 25 
Barmouth....,...4§2 41 
Bardsey Island . 2 44 
Brachy Pool Head 52 46 
Holvhead I. W. end|53 18 
Sserries Light ....153 24 
Var. 24 Points iV, 
Point Linas, Light|53 24 
Great Ormes Head|53 20 
Point of Air, Light)s3 21 
LIVERPOOL ....6-6- 53 24 
Formby Point... .|53 32 
Lancaster... cece’ 54 3 
Selker Rock....., 54.17 
‘St. Bees Hd. Light}54 31 
Whitehaven ...... 54 33 
CARLISLE.......- 54 56 
= Air Point........|54 26 
P= Douglasss........ 54 9 
< Castletown tay weet 154 4 
i pi Calf ss. sledas ro 0 0 $4 
opeded Head, eb ae 
41 


Latitude. 


G2 et in 


9000 


0° 


YWWW NW NWWH Pe HhDHNW HP AMnrUeNphHhl SHOWN PHP PANN ANnaand 


(lap Peep 


c. in the WorLD, 
founded on several thousand Observations made by the most eminent 
ASTRONOMERS and NAVIGATORS, compared with the latest and most 
to which is occasionally added the 


Longitude. 
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TABLE XL. 
LATITUDES anp LONGITUDES, 


Places. Latitude. [Longitnde, Places. . Latitude. Longitude. 
AV2 hits oO Re ee eee ree Sol 7 gee a 
Sars .sgscseeeees 54 39 ON| 4 42 OW] Lerwicx........ 60 9 ON|/ t 6 oW 
Mull of Galloway .154 38 © | 450 © |-% Rumble Island .../60 21 0 |o 5%" 0 
Port Patrick, Light54 48 0 | 5 3 o [| § Out Skerries ..,.. 60 29 30 |0 46 o 
Loch Ryan....... 55 O YON rea S79" O = Lambaness POA. 60 48 © | 0 58 30 
Air, Light...... »-1§55 25 0 4260 © Zo Pav 27° ao! W. 
1 ie an 55 37, 90°4:5..9 O ff 8 Ronas Hill...) 60 33 © | 1 34 0 
Elsa Island....... 35 14 58 | 5 6 o | Ossa Skerries. .1.160 28 o | 1 44 0 
Cumray isle, Light 55 43 oO 4 57 (@) aw Ve Skerries eoen 6 60 21 .@) I 52 1) 
3 Greenock :....... 5§ 57 O 4 44.30 Foul Island....... 69 5 oO | yy er | 
S$ Grascow biviets-eie 10 55 51 32 1415 O Fis _ 
} Pladda fet) se; 55 30 © |5§ 4 0 |SMonk Rock.,..../61 23 0 6 52 © 
F% Muu of Cantire 5537 9 [541 © 2 Fucloe Island.... j62 21 0 } 6 18 o 
‘> Var. 30° W. i" a Mygines I Island .,.{62 8 o 7 42 0 
| x Tonvore Head....155 54 © | 622 0 
= Runs Paris + ¥4< cS 9 470.05 toe wan. OO Noss Head . OM | 1: like 2 A | 3. 6g 
~ Skerryvore Rocks [5616 0 |7 2 0 Clyth Ness....... 58 20 © | 316 oO 
+ Dusker Rock..... 56°34. 0 | 657 o.f Ord Head . .-/58 10 oO | 3 35 Oo 
= Coll (sland, N. end]56 42 0 |6%0 o Tarbett Ness ..... 57 54 9 | 347 © 
7} = Rum island, S.end|56 55 0 | 611 o Cromartie.,2.,...187 42 0 |4° To 
= Helsker Island . sD SOMO. | 0: 200) INVERNESS....... 7°31 O° | 44a 
= Danvegan Head ¥. $7.30:10 7°06, 40., 0 Fort St. George...|57 37 0 14 ‘5 © 
> Rea Head........ 57°50 0 | 5 39 0 Burgh Head...... 57 43° 9°13 300 
™ More Head ...... 58° § 0 16§ 1Ol-.0 Cousy Pome sac t. §7 44° 0 | 3 Tye 
Stower Head..... BOTA Ot Si Tato Cullens vows oveuolS7 42) Ge 2 Games 
| Cape Wrah..... [58 36 40 | 456 o SAUTE STi ad Sats $7.40: O12 3ae 
}~ Rona Island......158 55: Onis he 52 oO Kinnaird’s Head ..|57 42, 0 | 2 I © 
Barra Island ..... 58:54" 0° [62,3 (o..4. Ratrie Head®. 2. 57 38 © | 1 50 © 
Farout Head....../58 37 0 | 445 of Peter Head ...... 87. 32) oO. | 1 ae 
Dunnet Head ....158 42 0 | 3 29 O Buchan Ness .... [57 30 0 | 1 47 © 
Dune wee Head . S40 °O. 1 es OO aeees ure 2G" Ae 
- Far. igs (oe = Newburgh akevens aot 7) 20 RO % 3 re) 
fe SN. ABERDEEN, obs. $90: 9°00 |: 2 
Mingalay Ysland ../56 48 0 | 7 33 o JS Girdleness ....... 57. 8-0 | 2 GRD 
South Ulst, S.end.|57. 5 0 | 7 1c © js Stonehaven ...... 56 58° oF | 2 1gaeo 
dc Renish Head... $74 0% [40 63) 9b: “hy Pod Mead. e204 56°33) Oo) 2 
$ Glash island, Light!57 50 o | 6 33 0 {| $ Montrose Ness....[56 42 0 | 226 0 
tis Aid Point Jee... s8§2 26" [Or oc AO RedHead 2, 2c, 56 38.%0- | 2-280 
— Butt of Lewis ..../58-29 0 | 61342 of eArbroath......... $6. 24? O41 2: 35D 
2 Gallen Head ..... 58 10 0 |7 1 o [gy Button Ness & Lts. 5628 0 1245 © 
= Flannen Isles... BR PALO. PCO "Denne... sacatite 56 28 o | 258 oO 
Se MULL Sarg gies oh 7.49 )-0,|8 920 Jo neh Cape Light, r 
 Hyskar talnid: ae 33 QT) 9 38 or Rell Rock... £|5° 26:9 | 2 23 © 
WOOK AL gue aces cs 57 39. 32. /f3'3t.0 St. Andrew’s ,....156 21 o | 247 © 
MO Fife Negs . ...... 56:-t? ‘o> | (a>gaee 
- Pentland Skerries.158 43 © | 3 3 «0 Elly Ness yh.6e. . J, 56 12 0: | 250 0 
- Stroma Isle, S. end|s58 AS4 07. 14 .14°.0 EDINBURGH.. 155 56 42 | 3 12-15 
-S. Ronaldsha,S.Pt.J§8 45 0 | 3 § 0 Inch Keith....... 56 3 0 |3 1% Oo 
13 Copinsha..... .-++/5856 © | 248 0 Pidyas:.4 eas 156 °§ 30442 46009 
3 Stronsa I. S. Pt....(5g) $9.6 “|. 4°40 0 North Berwick . 150: ‘4° 0°74 2 ae 
= N. Ronaldsha,N. Pt SOag Othe, 38 oO May I. and Light. 56 11-22 | 2 32 47 
= Papa Westra. iste, The Bass ..0..5.. 56 4 §3 | 2.37 47 
|= Mould Heady 72459, 22°67} § 3.0 DuNBAR....... hse 0 0 Pe Ja 
= Westra Island, St. Abb’s Head ...1§5 55 0 2 8 Oo 
=—Noup Head ....1§9 19 © | 313 0 Eyemouth........ 55 53 © | 2% 6 0 
‘© Pomona Island, ‘ eg Var. 24 Points W. : “ 
—Marwick Head . SQ e ie His. SFO — ‘ 
—Stromness......15 tg 57 0 {325 0 },. Berwick........155 46 21 I §9 41 
Siwe Skerries ..... 5G 32 | 4°14 06 Holy Island.......155 40°20 I 46 3 
Fair UE aes ie ag Oo [1 45 @ Bamburgh Castle .155 36°42 | I 42 
1 Staples Light..... 55 38 9 |*a, aa 
1s -Sunbro’ o” Head wom (SO SEO TTS. oO : Fern I. Light..... 35. 37 -11-' Pa 
60798 e@ 56 30 I 


Res a eens 


Sanderiand Point .}55 34 45 3756 


TABLE XLII. 


LATITUDES anp LONGITUDES. 


Places. | Latitude. lLongitude. Places. Latitude. |Longitude. 
e TO SLE 6) RPER EPO eo Rag De. fee Ouro 
, Coquet Island..../55 20 11Nj 1 31 47Wy Brandon Head .../52 23 oNjIo 6 oW 
‘Tinmouth, Light. SS s Rae 24 ak Shannen Mouth, 
Hartlepool aihii ani 154 41 4y | I 10 31 —-Kerty Head... .1§2. 40 mot a) 54 10 
River Tees, entr...]54 38 0 | I 5 0 —Loop Head..... 52°39 OL O $4 60 
Stockton....s..-. Senge 020) JO b= LImeRten }. oS... 2 AD ee AT. O 
Weitny2......: 54 28 30 | 036 30 | §Clare............ $2 51.0 Gg Bo | 
Scarborough ..... ‘i 18 0 | 024 © § ®Hags Head....... 53° 'O°'O Tag eaa, 0 
‘Filey Brig........ AYA OOM OFIRI CO “ ~ Galway Bay, 
Flamborough Head iH Si Of NO 2 ae ®—Black Head. 153° 10°30) oO aro 
. Spurn Lights Sey $3 37: 13 | 0 12 12 E] $—Garway ......153 16 30 | Sea ee 
2 Lynn Regis Pits ke §2 46 52 1025 4 SN. Arran I, W. endian 9 0 1944 0 
| = Outer Dowsing -+-[53 30 0 | 0 $5 O J, Skird Rocks,..... 53 16 30 | 9 56 Oo, 
' & Haddock’s Bank..|/53 33 @ | I 24 0 S! Sline Head 04. 63°27, (Ow Otse oo 
Dudgeon Light .../53 18 o | 055 o g™SharkI....,..... 53°38" 0. IEOtI7 
S Inner Dowsing $351§3°18' "0 O 34 0 Ennis Turk TI, ....153 AS. 0: “|tOze9 oe 
& Cromer Inner Bank 31° Of OC i724 O Clare I, Light, .... 53 52 0 1958 Oo 
S Lemon, mid. ..... 83 10 O° | 2 9§4',.0 Achill Head...... 54.1 0 |10 12 0 
~ Var. ar Points W. Black Rock...... 548 OO ee 
= Sherringham Shs. .153 2 0 | I 10 0 
‘t) ~Smith’s Knowl..../52 56 0 | 217 oO Broad Haven, 
Cromer Light..... Saesh 301 T 201.6 —Urris Head..... S42 OF AO: a6 
Foumneéss’.. ..+0... 52 56 20 | I 20 30 Three Tuns Rocks |§4 25 30 | 9 48 0 
Hasborough Lts.../52 49 0 Pig2ei¢ Down Patrick Hd.J54 23 0 19 22 0 
Winterton NessLs. 52 43 30 I 42 0 Gti) 10 gene ee ee is 54,.36:.0. 1 9 17/5 
YARMOUTH ...... R230 40) 4° 24335 SLIGO GG s 450080: 540 2t. 6 ce es: 
Leostoff Lights .../52 29 0 | 1 46 3 Ennis Murry Id...|54 31 0 45.0 
Southwold ....... 52 20-8} T 40.0 Donnegal aia.tya gavel 54 43. 0 ,10 0 
Aldbro’ Knaps....J52 8 o | 142 0 |Tillen Head....., $4: 43. 0} 8 eae 
Oriordness Light .[52 5 © je Ye =Douras Head..... 5453/0. Tie dear 
* ca 5 an ee taal N-endi55 2 0 | 8 37-0 
Bloody Forciaud..[§5 14 0 -}/:8-18 9 
Ii, COAST OF IRELAND Tory Is’ N.W. Piss 17 30. | 8 16 6 
2 Hota Heads ese 15 OO: PR Ae 
whee) * Sa LI at I ta © Melmore Head ...155.17 0 | 7 49.0 
CAPE CLEAR. — .[5I 25 30N] 9 2g = Loch Swilly, Reins 
Fastnet Rock..... 51 22 30 | 9 3 §—Dunaff Head... .|55 19) 0) TS e eae 
Crookhaven.'..../5I 30 © g 40 & Mullin Head ..... 55 24 0 725 2s 
Mizzen Head..... 51 29° 0 | 9 46 Fnnistrahul Light.|55 26 30 | 71470 
Bantry Bay, Vur. 30° W. Eee 
—Sheep’s Head.../51 34 © | 9 51 Inishone Head....|55 14 0 | 655 © 
Greelagh Rocks ../51 31 30 |10 6 LONDONDERRY. ..|54 59 28 | 7 14 49 
Dursey I. W. end.|§1 37. oO {10 10 Giants Causeway .[55 15 0 | 624 0 
Bull Roek .......151 38 0 [10 13 Rachlin I. W.end.{55 19 0 |°6 13.0 
=; Cow Rock .......]51 37 40 |to 12 Fair Head ....... 55115 Ov [OR ee 
|= Kenmare Harbour, Tor Headi. i183 $5 13. 0 |'§ 58 0 
SXCod’s Head..... 5143 0 |10 4 ane 
‘S—Lamb’s Head .. .|51 49 39 Ho +5 Maids Rocks.....154 57. 0 | § 39 0 
Var. 2% Points WwW. Black Head......154 46 9 | 5 39 0 
2 [Shes Islands...... §1 49 OQ. |10 10 @ Carrickfergus 000154 43.015 49 30 
be 35 Boius Head...... §I 52 30 }10 1§ o |{,; BELFAST .,...... §4 35: 0 TABS ge O 
Skelling’s Rock...|51.52. 0 |10 29 0 = Mew I. and Light.|54 40 30 | § 24.0 
Pe Lenin Rock .. -..151 53 30, [10 23 Oo }S = South Rock Light.j54 2% 0 | 5 a4:-0 
‘= Dingle Bay, S Dundrum ........ 5413 0 | § 48 0 
Bray Head... 82% 15I §9 © |10 21 © | oDundalk...,..... 54 OPO” 6406 
Dunmore Head.|52 13° 0 |10 24 0 % Clougher Head ...1§3°50° 0. |:6 11 0 
‘Poze: Rocks )5.0'55 452°:7 330° 10 30: o & Drogheda Bar....|53 44 0 1612 0 
Ferriter’s Island ..|52° 9 @ |10 31 oO St. Patrick’s Island 83°35: OG 330.88 
TViraght Rocks....|52 10 30 |10 33 0 3 Lambay Island ...|53 30 0 |6 1 O° 
Gt.Biaskett,W.end|52 11 © |10 29 o {Howth Head Light|53 22 0 | 6 3 0 
Ennis Tuskar...../52 14 0 |10 29 0 DUBLIN. Obs...153 23.13 | 6 20 30 - 
Dunmore Head: . 152 13. 0: AlOngar =O WicKLOW Lights . 82805!) O ao 
Danorling Head..J52 19 0 {10 19 o+ f Arklow.......... 52.49 O° 426: 79750 
a a ae ane ST A fea RRC i yore 
Te ae, aa att Se eae SE ; 


led pe anita i! ot: RNS Fo“ Pe ie 


Places. Latitude. 


ee 


Gdasearrick ......|§2 38 ON} 6 10 
~Wexrorpb Harb. ./52 22 0 619 0 


Longitude. 


o ‘ u 2) U u" 


TABLE XLII. 


LATITUDES anp LONGITUDES. 


Places. 


eeerene 


© The Nate PE 
> Var. 2 Points W. 


Latitude. 


ae, Oe 


#23. 15 


Carnsore Point ...|/52 1r Oo |°6 18 0 

Tusker Rock..... §2 12016 7.0 

Var. 28° W. 
Saltees Rocks ,...|/52 6 © | 6 36 o 
Hook Light...... 62.5 00, | OSU Scaw Light....\. 

‘S$ WarerForp. a 19 6 ashe TO! 6O Fladstrand ....... 57 27. 3. |t0 33 15 

§ Tramore Se a $2. 9, OA Jo1ke © Sehye wi iawwown st 57 20 2 |10 32 54 

= Dungarvon.. cece 52) A BOs Fag 70 = Aalburg teeeeeees!57 2 32 | 9 56 30 

< Ram Head:ss . 13% 315s 0 1740 © [SGrenaa........., 56 24 57 [FO §3 41 

= Youghall......... 31.36 0 | 7 48 0 |.SAarhuys......,., 56 9 35 |10 13 50 

8 Dogs DEGSE vin spss 51 48 Oo 816 0 Apenrade........ 55.4 87 9 26 23 

Ot) a ee 51 53 54 | 8 28 15 Flensburg......, 154 47.18 | 9 27 25 

= Var. 28° 10' W. Sleswick .........154 32: 0 -4.9/830 0 

3 Kinsale, Lights. L16i 35). Qe ameg.. 0 —. 

“Seven Heads ..... $1,332: Orr lseane tO The NAgE SS aa 4 57 57 \$Ou')- 98 - Saks 
“‘Dundedy Head...}51 32 30 | 8 56 o Christiansand 1158 BO wshiay ie ae 
Gees os saps sh $1 34 30° | 8 59: 0 | sArendad...,...., 58 27 0.1852 0 
Stags off Toe Heav 31 27.0.1 9, IO" 0 = 'Frederickavern,. [58.59 50. |10 gio 
BALTIMORE ..... 51 27 0 1920 0 5 Ferder Light ..../59 3 30 |10 36 o 
: < Agero Fort. 4444459 3 0 110 56 o 

HRISTIANIA ....159 § ; 
| 111. Coast of LAPLAND and NORWAY. | Frederickstadt .. [39 220 11 “ 30 
Fram Nova TA at the Naze. Strometadt@e,. . 5856 0 |tr qs 0 
Be Sc a et ecco IO, DEACON . as oF §8 21.0. /PuaeeuEs 
NovaZembla,N.Pt.J78 5 oEf Paternosters...... $7. 55: .0 «jae 
Weigates Straits .. fo) Marstrand, right 157 53 51 |f8-$8 45 
GoTHENBURG . 57 42 4 |II 57 30 
Cape Candinose .. Oo Winga Beacon,...!57 38 13 |I1 37 45 
Morshom]. §. Pt.. fe) Tislarne ......... 8730 O III 44 16 
C. Bona Fortuna. . ° Niddengen Lights 57 18 20 |II §4 45 
Blue Point....... Oo fs Warberg..... oo06(57. 6 19.,|12 Taine 

3 ARCHANGEL ..... 15 $ Falkenburg eeeee+150 $4 30 [12 3080 

& Var. 2° West 3 Halmstadt. ro eee 56 39 45 |12 51 45 

e» Cape Donega..... o. §-Laholin i. Sa toe wis 56 32 38 |13 .0 4§ 

OF EHO ie os a eee vis ° Wadero I. S. end ./56 26 0 |12 35 © 

= Cross Island...... fo) Engelholm ....... 6 14 20.4)f2.54 0 
Cape Orlogenose.. o) Koll Light Bie aa < mie 56 18 3 | 12 27 32 
Lambasche Point . ° HELSINGBURG ...|56 255 {12 43 0 
Cape Sweetnose .. fe) Landskrone ...... 55 §2 2 12 50 46 
Var. 1° West LUQUERi.:.): ain Suan 55242 26 113 3aege 

EAI fs tip n3 sas 55 36 37 13-1 4 
Nagel Island ..... ° Falsterbo Light.../55 23 0 |12 49 0 
Kilduin Island . 30 <— 

-$ Wardhuys Ssland : 45 WIGBE bias sais va 6's § 26 40 |12. 48,0 

SS NortH CAPE. 0 COPENHAGEN .|55 41 4 {12 35 30 

‘Far. 1 Point We Var, 18° W. 

5 Altengaard....... O |. ELSENEUR ...,...156 217 |12.37 49 

3 Werro Island..... o | §Cronenburg Light.|56 2 25 |12 37 20 

= DRONTHEM yk © 's Nakke Head Lights 56 6135 |12 26 © 

}Var. 21° 40’ W. _ tN Nykoping........ $5 55 oO {II 40 30 

= Christian Sound .. fo) Callundburg...... 55 40 54 l1r 6 18 

5 Ronde Light ..... ° Korsar Lights ....155 20 22 |1r 8 30 
%,Askwold Seg» se fo) Wordingburg..... 55. mo \thigaam 
> BERGEN Sy! ean fo) oe 

= Bommel I, S. end |: o |< Huen I. Uraniberg|55 54 38 |12 42 44 

= Stavanger......0, ; o | ®Amag I. Drago...!55 35°30 |12 4% © 
Gt. Wylingsoe Lt. Oo |= Haselo Island 56 1 46 |1t 30 46 
Jedderen Reef o IO Anholt Light..... 56 44 20 |r 39 6 
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+ Little Mid. Ground]56 
So Lessoe I. E. end ..157 
3 —West End...... 57 
a) ae Rock... .[57 


Vv. The BALTIC. 


Funen, Odensee ..|55 
« Lanland, Rudkop .|54 
< Areo, Kiopis sc. cs 54 
i 

Alsen, Sonderborg {54 
1.3 Lualand, Naskou .|54 

é Falster, Nykoping 54 

& Moen, Stege...... 54 


Fermeren, Borge .|54 
Traileborg .......|55 
Cimbrishamn ..... 55 
Ahue ..'. 2 POOP ALS 
CARLSCROON..... 56 
. Toruam Point .....|56 
= Calmar i Sars Cte 
= » Westerwyk....... 57 
F Soderkoping...... 58 
Nykoping........ 58 
ON Se eS 58 


Landsort Light ...|58 
STOCKHOLM...|59 
Var. 1% Point W. 


BRAG L, wes cls's w 0 154 
eo, 53 
_ Wismar......+... 53 
+ Rostock .....2.+|§4 


feDers Head .......|54 
= Gellen Light . 


22154 
Eee alro sgew ews 154 
S Usedom 60153 
Wollitty...secee © (53 
STETTIN 16.0000 +163 
-Sonmiin .......20% 53 
Colberg.......+5- 54 
. Rugenwalde......{54 
Beel Licht ..:.... 54 
(SDDANTZIC...00005-154 
BOLT Aiye, 5 «+ ae an 54 
= Konigsberg ..... +154 
' Braster Ort Lights 54 
BVI REEEE ¢<cc ce kene 55 
PPAR EEGs ois «vs ge 56 
Windau, esses i 
Lyserort .. eyes! 0 


pneu Lights. i 
= Runo LL Light’... .|57 
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Places. Latitude. 


ee ee 


Dago, Simperness.j59 6 ON/22 : 


—Dagerort Light .|58 56 
Osel, Palmer Ort ./58 39 
—Hunds Ort..... 53 32 
—Swasve Ort Lt. .|57 56 
—ARENSBURG ...|53 15 
; Gatska Sando ....|58 26 
$ Faro, N. E. end...|57 56 
3 Gottland, NiE. end VALE 
—Wispy vase eo 57 39 


3 Oland, N. end ....|37 22 
<¢ —Borgholms Slott {56 52 
=—S. end, Light .../56 12 


> Eartholms........ 55 19 

~ Bornholm N.W.end\55 18 
—Hasle..... SNe ts 5 120 
—S. E: end...... 54 58 
—Svanike........ 5 8 
Rugen, N. end 54 40 
—BERGEN ....... 54 


—S.end, New Deep}54 


VI. The Gulfs of FINLAND and 


BOTHMNIA. 


Odensholm, Light.|59 19 : 

~ Great Roge, Light 59 25 
§ Surep Head, Light 59 28 : 
= Nargen I. N. Point 59 36 
OR GVEE eas chee 59 26 
‘> Kokskar Light ...]59 40 
<>Stone Skar'. yas 59 46 
és Little Titters I....159 47 

» Great Titters I..../59 50 
= Lavenscar, N. end 59 59 


.S Seascar, Light. 159 58 % 
“3 Narva ...... a ater 59 20 
S Dolgenos ........ 59 53 
~ Tolbecon Light...|60 0 


“ CRONSTADT ...... 59 59 
PETERSBURG..|59 562: 


= = Hango Haveone: 159 46 
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w& 


= Var. 1 Point W. 

& Helsingfors....... 60 10 
{> Borgo tt ee Bee 60 21 
S LOVASK iets ces «'s 60 25 
2 Orrengrunds Beac.|60 14 
. S Hogland 1. Lights.j60 3 
® Aspo US is 60 14 
~ FREDERICHSHAM .|60 30 
S WIBURG.. sis s+ 60 39 

5 Styrs Udden...... 60 
, Uto Light...... ~+159 47 
EERO Se. dined siniean’ O 27 
= Wasa..... Pe re 63 13 
& Fornea .......... 65 50 
Gefle oi. Seicsna06100,.40 
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TABLE XLIL. 


LATITUDES anp LONGITUDES. 


50 30 44. 


Quimper 


VIL. Coasts of DENMARK, GERMANY, site a Lattice? Lone aaa 
HOLLAND, and NETHERLANDS. Be Oe ae tee oie 
? re Montreul ..... -- {50 27 42Ni 1 45 47E 
_ From the Scaw to Calais. Rete a ok 2 6 ee 50.1619 | 140 1 
. Le Crotoy @. tee §0. 12 52 | 1 27 24 
Places. Latitude. {Longitude.| Abbeville ........ GOR Bg I 49 43 
{age AB ONEANes ak —_—-}——_-———-}| S.ValerysurSomme/s50 rr 21 | I 37 36 
> ee beh Bo by BN Fave ndesss ys tee 50 2:52 | 215 18 
. Scaw Light...... 57 43 44Nit0 37 35 1 St: Quintin .2ce6 50 16 30 I 35 0 
t| & Robsnout ........ 57 25 9 $9 45 © DrepPE, Light .../49 55 34 | I 4 29 
j| § Oyster Head ..... 57,19 0 | 8 58) 0 Ailly Light....... 49 55 17 | 1 1G 17 
1} S$ Holmen.......... 57 OD) id RFT ms St. Valery en Caux\49 52 12 | 0 43 25 
| Point Horn ...... 58: 870 SkZp.0 Fecamp .i)os cies 49.45 24 Oo 22 48 
GC. de Cansiwts 2. 49 41 0 | OIL O 
Helegoland Light./54 11 § iprsx. C. de la Heve 49 30 42 (oa Wace) 
Elbe R. Red Buoy|53 59 30 | 8 a Havrencicawh oi vk 49 29 14 | 0 6 23 
Var. 2 Points WW. pL arPOas ceo Sb ok 49 30 23 | OIL 42 
PRO WORI si sae e ate 53 55 39 | 8 Honfleur......... 49 25 13 | 0 13 59 
=Cuxhaven Pea Ae 7 BRST 400! Leia PARIS, obs...... 48 50 15 2 20 15 
: eet... .-153 47 42 19° Rovewe ir. Sask 49 26 27 | 1-5 35 
H) = Stade....... gg ORES. BOIS eee sae Caer taeda isc 49 11 12 | 0 21 32W 
; SHawpune Rae Maks 1 Bae Ya 9 Bayeux ica. sh cs 49 16 34 Oo 42 Il 
Bremerlehe ...... 54:32 307158. Carentan ........ 491 18. 197 hoe aSoee 
EESREMEN Siew vieie of 53 4 45 8 St. Marcon I. ..../49 29 52 E50 
Emden ...... PeRIS FL 22 OF eC. Bartleur Light .l49g 41 45 1 16 30 
Gottingen, obs....]§1 32 5 | 9 © CHERBOURG . ad oe 49.38 31 | I 37 18 
A . = Pelée Bale sbi ee 49°40 22 | F 34 88 
Harlingen ......./53 10 © | 5 ‘“ Cape la Hogne .../49 43 33 | 1 55 30 ° 
Al Texel, S. point .../53. 2 © | 4 3: ~ Alderney I..N. end 49 45 43 | 212 30 | 
4} - Alkmaer......... 52.37 11° 4 4 3 CASKETT LiGHTs .|49 43 30 | 2 25 10 
| AMSTERDAM ..|52 22 5 [4 S GuernseyI. $.Piere|49 25 33 | 2 33 0 
Haarlem......... 52:22, 10 14 © Sark I. W. end.../49 24 32 | 2 23 45 
Leyden Bhs oahe.s’ gptiaes, toe S 4 8 Jersey Island, 
aha Hagne....... 52. 412 14 s—C. Grossness ... 49° 5532: 2 13 47 
Hollands Hook ...!s1 56 0 } 4 =—St. Aubin ...... 49 1042 | 2 8 37 
i = Rorrerpam aipuste® 5 55a 45 4 —St, Clement’s Pt.J49 9 37. | 1 59 12 
q\ Var. 2b Points W. Chausey Island ...|48 52 28 | 1 50 35 
Gores os ceesie +s 1 46 30 | 3 St. Germain...... 49 13 1§ | I 35 30 
Schowen Lights . oS k 39° LE 3 Coutances........ 49 2.54. | 7 260/35 
- WalcherenI.W.Pt.|51 o | 3 Granville ........ 48 50 16 | 1 3615. 
. Middleburg ...... 6.21.2 Avranche ........ 48 41 21 I 21, $1 
FLUSHING ....... 3 Mount St. Michael |48 38 11 + Ee a 
wan Pontorson........ 43 33 18 | 1.31 33 
ANTWERP ...--.. 4 Capcalle ..ec i sss 48 40 40 | T 51 30 
DULY Bin a ibinis Gir sh a 3 Sti Malo .s......4148 39 3 | 2 1 26 
PES TUAPES os 65sec wpulee 3 La Conchee....., 48 41 4 12 2.48 
ms Ostend... 2... cee. a5 Diane oie cece ds 43°27" 6) as me tg 
= Newport......-.. 2 4! Cape Frehel Light./48 41 10 |°2 19 2 
pg Entnes ikea Ss LO NARS 2 St. Brieu......... 8 31 2 | 2 44 10 
|| S DuNKIRK........ 2 Brehat Island ....148 so. 5 | 2 55 48 
@ Berg Cigid ei a ewe 2 Tregueir w,......|48 46 54 | 3.13 49 
Eeelincs 2 viene 2 NIGPAAEX 3 5'sia 3505 4 5 48 34 50 | 3.53 36 
REA Gn. oec sce, I St, Pol de Leon ..148 40 55 | 4 0 6 
Blanche Rock..../49 1 25 | 3 58 © 
VIII. Coasts of FRANCE, SPAIN, tae ae ate 48 4615 | 4 e : 
. Anthony’s Lts. |48 40 10 | 4 29 | 
PORTUGAL. Usnant Licur ..|48 28 8 1 5 3 21 
From Calais to Gibraltar. Pours 
a) , BREST in suis een on 48.23 14 |.4 29: © 
CALAIS Citak inthe ie 1§0 57 32N] 1 St. Matthew’s Lt. ./48 19 34 | 4 45 54 
_ Cape Grizness »...|§0 52 45 | I Point Ras ....... 48 045 | 4 47 36 
‘ Ambleteuse ...... 50 48 13 ey Saints Rocks..... 45° 56 %S 5 yew 
AE BouLoGne...»..-1§0 43 33 | I Point L’Abbe See 48 so | 412 © 
 eotaples'..\...jse'ss £98: 37) 4" SQmenper .... 2% .'s 47 §8 29 14 6 0 


Glenan Islands ... 
Quimperlay ...... 


Hennebon........ 


QuIBERON, wee te. 
Belle I. N. end... 


, ¥andes etdie Soe ets. 


B Grose eeeereresere 
BUPAMDENI ps ose esse 


ere tenet OY tars 


% st. Gilles ........ 
= Olonne Shoals ...} 
- Roche Bonne..... 

I. of Ree, Lights.. 
=—St. Martin ..... 


Oleron 1. Tower... 
- Aix Island ....... 
Pordovan Light .. 


1 ee sak a 
Cape HOPG. ides 6ie - 
Cape Breton ..... 


St. Jean de Luz... 
Fontarabia ....... 
Port de Passages . 


: Cape” Machicao... 


Portugalete bie 60a 


ope Bs ambve: 
s pape Prieto ...... 
& Cape de Mar... 
1 8 Cape Lastres ..... 
= DD nat s0i0.- 
sab 3 Cape Penas. 
= care Busto ...... 
Cape Burol ...... 
}> Faro Point....... 
| ~ Cape Vares eee 


| ea Ortegal..... 
o Kore237 15 W. 
co Pryor. #305 << 


Latitude. 


Longitude. 

a ] 
30Ni 4 0 
SS mes SS 
TL Pages 
a NE I 
47 | 3 2! 
4 1 3 26% 
Roa iS Ei 
ON Rg 
vy Oe Uy Page 
42. eee 
46 52 
4 | 249 
26 | 2 45 
39 | 2 26 
43, | %.39 
Th aT 
6 I 32 
28 SE 
4 |. 238 
Fs aha 
AD id) 26 O 
26 | 2 19 
O . eke 
52 | 1 47 
Br) 2) 21 
49° 1.1 33 
18 I 21 
WELT! o 
19.51 0S 
50 |. 24 
38 I 10 
14 | 1 Io 
Iq | 0 34 
Ob} 1 14 3 
30° 1 1.26 
rh 1 1428 
Tha | 040.2 
36 {147 
Io | I 84 
30 1 58 
10 } 2 40 
30. | 2 44 
10. 2:53. 
50 | 3 18 
20 3 49 
Io | 4 11 
30 4 43 
40 | 4 49 
6: 155842 
Tg | 5 35 
Oo | 5 45 
O'»-1- Osea 
30 | 7 16 
1§ | 7 29 
£5: | obra 
4o | 7 36 
37. | 7 48 
15 ‘| 8 19 
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TABLE XLIT. 
LATITUDES anp LONGITUDES. 


Places. Latitude. 


ee ee <———— 
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FERROL .......6-}43 
= Corunna ..0...0 8. 43 
= Cape St. Adrian ..143 
% Cape Villano .....143 
> Cape Turiana . 0000/43 


% Cape Finisterre:. Hs 


Ss Cape Corrobedo ..142 
~ Ons Island, N. Pt. {42 
& BViGd soe Cucu: se  f42 
= Cape Silleiro ...% 
R. Mino, entr.:... 


30.Nf 8. © i, 
3 39 


20 


VRAIN ore Us sess 5/5 ° 
Oporto (entr, to) [41 15 
Aveiro.:... Pay 1°) 20 
Cape Mondego ...}40 fo) 
PISO) Oe a 4o fo) 
Burlings ........./39 fe) 
¥,Cape Carbeira oe 39 Oo 
= Lisbon Rock .....|38 fe) 
5 LISBON, obs. .../38 20 
> Co es E spichel .. 138 54 
t. Ubes ....0000.138 fo) 
3S Cane SINGS 5 2s ie5 bie (37 fe) 
= Cape St. Vincent ./37 54 
~ Vur. 2 Points W. 
Laposieei's «fists oie’ 8% fe) 
Cape Carbonera ../37 fe) 
BAW shod slate ids BASF 30 
Cape St. Maria ...|36 30 
Pt. St. Antony .../37 30 
St. Lucar .....+4.436 45 30 
SEVILLE 6s csice Halae oO 
8 Caniz, ODS. aa Sen Orgao 
= Cape Trafalgar ...;36 10 15 
Tarifa 1. Saecetare eels (3 0e YAO 


Gi1BRALTAR, 


—Europa Pt......136 6 40 


IX. The North Coast of the 


Tortosa,. 


Rhee 


MEDITERRANEAN, 
GIBRALTAR, 
_7~Europa Pt......136 6 40N 
§ Malaga ...... a heehZOi,As ne 
SModril o.oo sie a's 0.00 | 30: 45pebO 
% Aimeira.. Bi Satey, sin cS 20 
= Cape de Gatt. dime'e13 fe) 
~*~ 
% Cape Tinoso '.....137 31 20 
33 CARTHAGENA ..-./37 35 59 
- Cape. Palos. ....... 37 § 
(Plana Lo... 6... 138 i 
Al Camte ii esis ss 3 fe) 
= Cape St. Martin .. 38 30 
S. Denia. Ja.as ceva 3852 40 
‘= Valencia..... wes (39, 26239 
= Cape Oropesa ....|40 6 0 
* River Ebro, entr. .|40 42 0 
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244 TABLE XLII. 


LATITUDES anp LONGITUDES. 


Places. Latitude. |Longitude. Places. Latitude. |Longitude. 
Fae Tee CUR Br Ce ae ae rer SaPrtTi kaa 
Terragona .......|41 woe I 19 15 Fj Tropea.......... ON|16 7 oF 
BARCBLONA....20/41 23 8 | 2 II 45 Reggio «0+ .wede 15 55 © 
Var. 21° of W. Pta. Saeta ..... I5 58 oO 
Cape de Tosa.....J41 43 0 {255 O 
Palamos ........ AAT, 53° COAL Bao Cape Spartivento . © {16 22 0 
Cape St. Sebastian |41 53 20 | 3 9 15 Cape Stillo....... 38. 33... QU 1Ol sg & 
Bay of Roses...../42 16 0 | 3 7 0 Catanzayo. o..e.\. 38 50 0 jr6 ro 
Cape Creux ...... 42 19 45 | 317 0 Cape Colonne ....139 4 © 117 28 0 
aitnines Point Alice ...... 39 24.0 |17 25 oO 
Callioure........4/42 31 31 Wage ppc) TARENTO Sc Adee 40 28.0 |17' 30 6 
Perpignan....... AT SOW W'2953°35 Gallipol?, . uc 40 2 0 118 10 oO 
Cape Leucate ..../42 54 0 |3 6 oO Cape St. Mary..../3g 49 0 |18 26 o 
Narbonne .......- Io 58 -| 259 59 Otrante®.. i oe 4o 8 0. {18 36 © | 
| 0: ue a a 18 43 3°27 55 Briidigtt. (oa. 0k 49 39 o {18 8 © 
Fort Brecon. ...../43 15 38 | 3 30 3 Cape Cavallo..... 40°43 0. |18 14 0 
Cerre Lights .... 23 41 pe 40.) 8 S Bayi 2.5. 09% CA 41. 49.0 Ar Oe 
Montpelier Paes anaes 26 29 3.52 2 ‘= Manfredonia m= of take 4I 37 Oo 16 5 oO 
Aignes, Light.....|43 34 8 | 4 11 44 |S Viesti............ Al 54 © |16 15 © 
8 Arles ...... Rie 43 40 28 | 4 37 24 = Termoli i Aen 4158 o |15 6 0 
S Avignon .,......./43 56 58 | 4 48 10. |< Ortona .......... 42 18 o {14 27 0 
AIM So's see oh 3531.48! 4/05 26532 | & Loretto vas. t4..'. 43 27.0 413 4600 
‘>MarseEILLes ...../43 17 49 | 5 21 43 | Ancona ......... 43 37 54 [13 28 52 
» La Ciotat ........]43 10 30 | 5 36 49 Var. 17° W 
3 Sixfours......... 2143): Ging: 15 50 Riminke* sais. so 44 343 |t2 32 36 
STounon ........./43 7 16.| 5 55 26 Pesaro........... 4353 9 |I2 53 0 
SS FLICTeR = o. . vs e od va 43°*:9-20-n) 677 9 31 Ravenna......3., 4424.0 [12 10 0 
RCH Sa eis aces oe 0/430) & 19 17D. 7 TS Comachio...... .144 40 27 [12 9 47 
Cape Taillar .....|43. 7 39 | 6 43 30 | VENICE........ 45 25 35 |F% 20 45 
| Frejus...... woe ef43 25 49 16 43 52 Trieste. F292; 45 45 0 [13 47 O 
St. Tropez .......!43 16 27. | 6°38 29 Rovigno ...... ..145 9 © [13 47 © 
Cape Roux.......|43 22 390 7 2% 30 Ségua Si Se 45 o O*|I§ 1600 
Midamesee | oo. sk 43 32 51 | 7 © 16 Larvae fuss cweoe foes 449 © |I§ ag Oo 
Antibes. 032/43 34 43 7 %520 Cape Sesto.......143 34 0.410" Gove 
St. Marguerite, I..143 32 24 | 7 2 30 
PRICE Sis Boe 143 41 47 } 7 16 22 RAGUSA .........|/42 40 0 |18 g O 
Ville Franche, Lt. |43 49 20 | 7 Ig 15 Cattaro ss. 6.5 ies 227 0 |18 29 0 
—— Setitari:? .tsuulle.. 41 53 © |19 14 O 
Cape Melle......./43 57 © 8 8 o P)urazze .5 sok. sc < 41.18 O. j19 27 0 
Savona ..... se. (44, 17% OF f 31 320%0 C, Linguetta .....J40 26 0 |19 15 0 
CEEGOA a css ce sese 44 25 © | 8 58 o PUUUEDSOT AN Sa 6 Ui 39 43 0 (20 3 0 
eRappallds os aso. 4421 0 '9 16-0 St. Nicholas...... 39 24 0 [20 26 O 
= Point Venere. (44 5 0 |945 90 Lepanitos ss < usa 38 16 0 |42 1 0 
|S Spezia - Clete 44 8 o | 9 44 oO Brom, Bie ks. clad ats 36 47. 26 j21 58 37 
Ren. cya tk wk 43 43 7 j19 23 45 ef Matapan ...... 36 23 20> |22 29 15 
FLORENCE....... 43 40 30 {II 13 30 aC. St. Angeli ..... 36 27, o |23 12 0 
| “LEGHORN.....+++(43 33. 2 [10 16 30 © Corinth cece eecees 37 §3 24 «23. 2 22 
Var. 19° W. ATHENS ......... 37 58 1 123 45 59 
_ Vado ‘Tower ...../43 25 © |19 23 o |.§ Negropont....... 38 27 0 |23 44 0 
Piombino ..... - ./42 §5 27 [10 30 47 | =Cape Doro....... 38 g 9 |24 40 O 
Cape Troy .......'42 46 0 |10 41 o | Cape St. George..|39 25 0 |23 17 0 
SCivita Vecchia ...142 § 24 |II 44 30° = SaLonica a eae 40 38 7 |22 55 28 
= Ostea........ -/42 45 0 {12 17-0 Cape Cassandra ..}39 56 0 |23 16 0 
ROME: etubss. Al 53 54. |12.27 30 Mount Athos ..... 4o 7 0 |2415 © 
« Cape Danso...... : 26 0 .|12 38 oO Contessz, .......60% 40 39 0 |23 58 0 
= Monnt Cercello... 12.) QF) 0 Cape Mecri...... 40 230 O {25 38 O 
S.Gactaist.s..5-. sgt I5 o {13 38 oO BNO is 358s ated. bah 40 42 0 |20 0 0 
SNAPLES 5.403... (42 50 1§ |14 II 30 The Dardanelles..J40 3-0 |26 6 0 
| & Salerno sae oyansal4Orgd,’ O*.4I4 46 RO) Gallipoli .... 065% 40 25 33 |26 37 15 
“Cape Licosa......!40 1§ 0: |14 57 0 Rodosto ......+..]44f © 0 |27 26 0 
-» Policastro....... 140 6 ao |I§ 40 0 CONSTANTI- 
| ps 6 Euphemia.....(38 5§ oO |16 32 0 NOPLE.... : 4t 1 27 9B 55 © 


TABLE XLIU. 


* LATITUDES anp LONGITUDES. 


X. The BLACK SEA and SEA OF 
AZOF. 


<a8 
te 


ABOUKIR .....0. ‘(31 


Ls 


Places. Latitude. |Longitude. 
oe” tt 10. .tMiphe bGo tank 
Ismayl...........145 21 ON/29 4 OED 
Akerman ......-.|46 11 © |30 29 © 
Odessa ¥.'. J, cao 46 29 9 |30 50 O 
Kherson ......... 46 38 29/32 32 15 
OL OUMRT EUs cc's ao.8 AAD O94 0 
Sevastopol ......./44 41 O 133 29 O 
Me CWICAIC Wiss cues 45 22 0 |36 33 0 
Fanagoria........ 45 IL O 136 34 0 
maganroy .....4.- 47 12 0° 138 47 O 
Trebizonde......./41 2 O 139 37 0 
Cape Yassoun ....j4 II © |37 44 0O 
Ts. ph aa aa tO TAS COO 
XI, South Coast of the 
MEDITERRANEAN. 
BGUIATI Ge fees sss ONl29 0 O8 
Moudania........ fe) lag oo 
ltt © 126 5 0 
Cape Baba....... G25" 58%, 
Adramitta,.......[3 o 126 48 0 
SMYRWA... 02000, t PAY Pak ex: 
SS Var. 14° 15 W . 
|= Cape Blanc ...... : On. 120%! tame 
= Cape St. Mary.... O |26 48 o 
“SCape i nl Sak ON 127" T4 > 
S’Marmorice ....... SO" 128 ri 8a 
SA AGTU Css os ose Oo (29 7 0 
& Seven Capes... gag) 3g 
Kasteloriza I. ..,}: 9 129 30 0 
-Cape Chelidoni ... © 30 20 10 
PROT War. so. 64 o, © |30 40 @ 
C. Anamour : O° |32 44 9 
Cape Cavaliere ...}: o 133 38 o 
Cape Karadash... OT ee eR 5 
ALEXANDRETTA, f 
or Bltditeih’ 47 i3e a) 
Cape Ziaret ...... on 135° Re? o 
ALEPPO. .6ess03s'0 25° (8 1oep 
MEMECEOGH svoj 's oo 5 es oO (35 54 «¢ 
+g Tripoli,.........- OF eetero 
= Beiroutte ........ 4 2 ic a (2 as 
8 i Cape Blanco .....|: Oo |35 8 o 
P ACRE. Dive wees ‘9 135 IO oO 
Var. 15°, W. ba Ja 
i" Mount Carmel..../32 50 9 [35 8 o 
~Caesaria ......... 32 32 0. |85. 00 
oN Sees aa '5 O07 194 50. 
2 Se ee 31 30 0 134 36.0 
ERAT sucess s,131 8, 0-134" 3 NO 
DAMIETTA.......131 25 40 13% 49 45 
Cape Bourlos,,...|31 36 0 |3t 27 0 
RoseTTa seeceree 3X 24 34 |30 58 36 


7 


Places, 


aa ee 


‘ a o ‘ j 
Bequiere, or 
chen ’s Island . § [3% 2% ON|39 oo).22 El 
CAIRO.......... 30 2 21 431 18 30 
vj ALEXANDRIA ....131 11 20. |30 16 20 
sees 16° W, : 
Cape Deras ...... 311i © |28 15 0, 
> Calleia Island ....131 620 |27 20 0 
_ Cape Rameda ....|31 22 0 |25 42 0 
2Cape Luco.......131 48 © fas 2 0 
Y Cape Trabuco ....)32 0 © |24 7 © 
Cape Batraca..... $2 15.9 [23 40°0 
Cape Devne...... 32 46 9 |r2 40 0 
Cape Razat ......133. 5 0 Jor 48 © 
Cape Carcorella ..|31 39 © |19 20 0 
Cape Mecurat ....]32 22 0 115 40 0 
Cape Vajora......132 59 © |13 22 0 
EREPOLE... 0290.4 32 53 40 $83 a1 7 
Cane Gergis....../33 57-0 |tr 30 0 
Cape Paul Se |: 45 10-0 [10 58 oO 
*§ Susa, bale wis é Wee Gece 45 49. 9 10 25 Oo 
~} Cape Bon........ 37 .5.390 |It 5° 30 
MONISG.. 0. 085k 36 42 0 |10 22 0 
Var. 19° W. 
Cape Carthage....136 55 0 |10 28 © 
Bizerta .......... 37 22 0 1959 0 
Cape Negro...... 37 442 O~ Oo  aiee 
Bowaytey. . sR. 37 48 0 1752 0 
Cape Fierro...... 37-62 °O 17° 2020 
Cape Bagaroni....|37 11 0 | 6 38 0 
Cape Tedeles .... 136 53 © 14 14 48 
Cape Matetor ....136 47 10 | 3 18 20 
PALGIERS. «46.0455 30. 48 36 [3 (Tig 
-S Cape Tenis. ...... 36 34 0 | I 26 0 
$ Cape Ferrat...... 3554 0 | 013 OW 
tp Oran, Castle......135 44 27 .| © 39 45 
= Cape Falcon..... +135 47 © 1048 o 
3 Cape Pegalot iiss 35.31 0 . bt I10k0 
& Zaffarine Islands. .]35 12 0 224 0 
CUE Ree 35. 18 15 | 357 35 
Cape Tres Forcas.,35 27 55 | 2 §7 ag 
abr BAe 35 9 O 14 343 0 
etuan As) ye. aS: 6 oO 24 0 
‘ar. 219 W. cs ati 
Centa...... ooeeeel35 54 4 | § 16 24 
TANGIER ......+6/35 40 0 | § 49 0 
Cape Spartel..... 35.48 40 | § $3.25 


Alboran..... eeeee 
Fromenterra, 
—East Point... 
—West Point..... 138 
Yvica, N. E. Point 1139 
——S. W. Point. 
Colambretes. .....|: 
Cabrera... 


eee eeer 


Latitude. |Longitude. |! 


XII. Islands in the MEDITERRANEAN, 
GULF OF VENICE, and 
ARCHIPELAGO. 
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LATITUDES ann LONGITUDES. 
Places. Latitude, }Lonyitude. Places. 

{By i, oy. Roe ho. ty & ee nee ane Loe 
_N.E.Pt.C. Pollenzal39 57 ON! 3.14. OF Stromboli....... {38 
3S. Point, C. Salini.j39 16 0 | 3 6 © Lipari, Sonth Point)38 
SE. Point, C. Pedro}39 42 © | 3 29 0 Galinh,, chests. at aan 
= Dragon Island... 99:33. OUP B20 POneurue tay cc ctee 38 

ere 39-33 0 «| 2.39°45 ATCUE eh. ap bs. 38 

Maritimo «....... 38 

Minorca, C. Bajolil40 4 © } 3 §2 30 Favognana..:.... 38 

—PorRT Manon ..}39 51 48 | 4 18 30 Marsalla Shoal, 

sp Outer 0nd... ens aay 

N. Pt. Lagosardo [41 18 o | 9 12 © Galiti, Center 39 
Cape Asinara.....J/41 5 40 $817 19 Esquerque .......|37 
Porto Cohtei. 2. 40 33 30 {816 © Keith’s Reef......137 
Oristana, N. Point |39 52 38 | 8 20 30 Pantellaria ..... . 136 

| S. Point.]39 47 40 | 8 24 0 Laie ps6 oar n daca’ o 35 

Maldeventro, f....139 538 46 | 8 22 0 Lampidosa, E. Pt. 35 

= Rock Gallia. ....139 53 43. | 8 19 15 Sioglea Rock ....136 

5 St. Peter’s Island. .]39 6 42 | 814 0 Gozo, N. W. Point 36 
= Toro Rock....... 52. -O/ io Sh AOie Malta, a Valette. 136 
F Cape Malfetena...]38 53 0 | 8 51 o Var. 17° 

CAGLIARI....3...(39 13 © 59 8 0 _ 

Var. 19° 36! W. PAR Os Gee acon ee aka 
Cape Carbonera ../3) 10 0 | 9 30 0 | $ Pelagosa........./42 
SOLASEON ies ses 6 --139 58 0 | 940 0 J] 2 Pianosa By pie siitin als 42 
Cape Cavallo.....J/40 49 0 9 40 Oo iS WPemitiice sus. 42 
Tavolara....... -.140 54 46 | 9 43.13. [Ss Lissa, South Point.|43 

= Pomo RGF «ad deli sie 3 

Cpe Corse......-143 3 9 |9 22 0 JS Paxu, South Point |39 

Saint Fiorenzo....}42 39 oO 9 18 0 Corfu, Town ..... 39 
ts CARVE i eat Se ¥ 03 HAG BAe Be ASia I Cefalonia, S. Point/38 

3 Ajaci 10. Cease 4555 ot 8 43.49 —-N. Point...2... a 

ce Bonifacio . ey a AL 93 VB) MQ T Zante, S. Point.../37 

South Point Be bg 47°.32-°0 914 © Cerig 6; 5. Roint A 36 

Cape Signo... ....J42 32. 0° |G 32.0 Se Cerigotto x pvt ha tac 35 
BASTIA S in 9 oN 42.42 36 | 9 26 30 |S Milo, fown...... 36 

SSantorin, S.. Ptas.e3 136 

be Grorgona,. 666865143 25. 40'°-1.9°53..55 "3 Paros, LL VOMY TD 5. Goat 37 

Capraria..s......143. 0,18 | 9 48 57 = Scio, Town): ene 38 

Elba, Pot Ferraro 42.50 0 |10 22 0 Mytelene, Town. .|39 
Pian. i NERY * Re eM Pale 2) DET sig ithe Bu seh 39 
Formigues......../42 21 30 }10 6 30 FORE GOS sens o's 0019 
Monte Christo ....J42 20° 0 }10 17 0 Lemnos ..........139 
Gilio, South. Point |42 27 0 10 58 o — 
Palmarora ....... 4O $9. Qi fa 47 Cape Crio......../35 
Pozea, South Point}jo 53 © jf2 §§ Oo Cape Busa... .../35 
“Fschia,-South Point|4o 42. 0. 113 51 © |.8Canea .........../35 
CAPA vied oss een et f40' 32. 0 11% 15.0 © Cape Sassosa . 200135 

oo SCANDIA. ...'......135 

MESSINA.s........139 I] O jF5 44° 0 _ Cape Sidera....../35 

Cape Ortando ... obs 3.0 }4 57 oO Cape Salamone .../35 

| Cape Cefala......438 4 © |F4 § oO : 

PALERMO........ 38 645 |13 21 15 Goza, 8. Point. ./34 

| ¢ Cape St. Vito..... 38 13 OT 112 4§ Oo Goxa, S. Point... ./35 

| a Pripano....0.4...{38 2 0 J12 280 Scapanto.........|35 

['g Cargento win S oth 037, 24 0 13.2 a sO Rhodes, ‘Town... ./36 

| Cape Alicante..../37 3 9° {14 5 © —south Point ..../35 

Cape Secha . 126 49 0 14 26 0 — 

Cape Passari ..... 36 36 0 115 8 o | Cape St. Andrew ./35 
Saragossa ......+4137 2 0 {13 20 0 [2 = Cape Cormachiti. .135 
Cape Carnali.....j37 10 0 15 23 0 | & =.Cape St. Epiphanes 35, 

Catania .%.4.0cv0sa137 26. 0 {15.15 0 S Cape de Gatt.....|34 

Cape Moline ie wn 4197, 30 0° f15-24 10 Cape Grego .....-|34 


Ui 
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LATITUDES anp LONGITUDES. 


Places, Latitude. |Longitude. 
XIII The Coast of AFRICA, from the “Thar ee lis SRO 
Entrance of the Mediterranean to the f Grand Bassam.. "7 on! 337 OW 
Cape of Good Hope. - . Cape Appollonia . . 45912 | 2 4e 22 
Axim pie sec Aieistinn ie 4. §eueec ab euee O 
S Cape Three Points} 3 55 © | 2 2 0 
Places. Latitude. one pDixcove Fort... : ‘ 3 | : ii 4A 
F : aT " o 1 # .[1™St. Sebastian’s Fort} 5 7 0 | X BSu:.0 
Caper SPARTEL.. 8 4oN 3.25Wy Elmina Castle ....).5 1 38 | 115 12 
8 Larash...........! hae ne re) 2, “hi o | .C. Corse Castle...) 5 3 45 | By03)) 9 
cwmaet. orRabatlcs 5 © | 6 43 30 | gAnmamaboe..,.../ 5 &% 30 | 056 0 
Mazagan......... 33 20 0 | 8 25 oO § Kormantine Fort. ities. 2 $8. | Ong bid 
Cape Blanco ..... 33 10 0 {840 o [~ lantumguerry Pt..} 5 7 0 |o0 45 O 
_ Cape Cantin.. 1132 -33+.0 9 15 0 = Barracoe Point. § 21.36 | 042i. (DO 
oe a ie 32.20 0 | 9 9 0 | Accaral......¢.. § 30 39 !o 12 0 
$ Mocapore Eg 02 i19r-25- 0, 1993968 5 Ningo ........... 5 43. 0. 4,0°28..,0 
8 cae 38 0 4g 52 0 Adda Castle... 5 48 0 10 44.0 
™ Cleveland Shoal...)30 45 0 [10 21 0 Cape St. Paul's...) 5 44 0 | 4 °7 0 
| Santa Cruz ......./30 30 0 5.498""o Quitta Dhaheys! 4a: a's are 0) WO nd hed feo 
Cape Nun........ 28 39 O |II I5 o Little Popoe ..... G82), Oud 22a 
g, Ente. of River Nun|28 17. 0 jf 31 0 Whydah). ou. p24 6175.0 jd BRO 
= @ape Blanca ..:..|27 54 0 |12 42 o [8 Lagos .........., 620 0 1412 0 
£ Ca ipe Bajador ay .126 12 30 14 a7 0 § River Formosa.... So Ate 5 .25 Le) 
 Entr. of Riodo Ouro 23 32. 0 115 50 o JRCape Formosa ....| 4 25 © | 5 59 .o. 
Cape das Barbas. .J22 15 30 {16 40 o New Calabar River} 4 25 0 4.49/42 9 
.Cape Blanco ..... Heo §5 30 |17 To Oo Cameroons River .| 3 45 9 | 9 35 0. 
} ae ape St. Ann..... 20 36 0 '|16 45 oO Cape St. John . 115 © | 9 -1§ 0 
i Cape Myrick....; 19° 5 Gu [abugs .°0 Gabon R. C. Claraj 0 25 9 | 920-0 
Portendick....... 18 7 0 16 12 0o = Cape Lopez. .eee 0.59 9S} 9 35.0 
Point de Breberie, > Low k vint 29 © | 9 37 90 
= entr. to Senegal. ‘5 53 0 |16 31 30 x River SEBEO sks vin 225 2 |10 2450. 
&eSt. Lewis Island .. 3 30 |16 28 0 Cape Mayumba..,. 3360 0 lar 14 0 
3 ee VERD «6... _) 44 13 {17 31 16 Var. 19° o' W. 
I Vur. 15° 50! IV. Loango Bay...... 4.36 9. |t@ ad./.0 
Goree Island, Fort}14 39 30 {17 24 30 C. Padron, entr. to 
Cape Naze....... 14 34. 0 |I7 12 30 Congo River $0) 6.160: [89039480 
§ River Gambia, S Var. 21° 30! W. 
"e ~-Cape St. Mary..j13_ 8 0 [16 33 0 = Ambriz Bayess¢ + 756 0 |13 1§ 0 
= James Fort....... 1a ROS 01° OCP5 6°Os PEE Dande easyer 0 « 8 38 0.412430 
= Cape Roxo....... 12.12 0 |16 40 0 F Ghee ERed0.9 5; 9 48 oO {13 28 oO 
& Cape MeleR iw feedIp 5! «6 .4135:55 0 Novo Redondo .. {11 20 ‘o |14 5 9 
Delos Is. Factory . 9 2% 0. |13 32 0 Var, 21° 20' W. 
LeovardsI. .....] 8 40 10 {13 8 0 S.Phil.deBenguellalt2 33 0: |13 29 © 
7a0y, SIERRA Leon .{ 8.29 30 {13 9-17 Cape Negro...... 161.0 }11 54 0 
Var. 14° 31' W, } TigersIsland, N.pt.116 29 45 \12 3 0 
Cape Shilling ..... 8.-9.-0. 112 52 0 Ca}: @: BTUI sig amis 0 Ig 15 0 |f2:56°.0 
Banana I......... 8 5 30 |13 5 0 Village .......845 21 53 51% “It4. 40.0 
Tassa Point.....:|. 7-41. -o [12 39 0 Walwich Bay..... 22.53 50 114 40 O8p 
ft /Cape’Ann........ 7:17 -30° 19/22" °C Var. 21° 30' W. . ; 
, Cape Mount ee. vt 6.45 o |11 18 0 Hlea Pointeacn« +s 23 30 0 {14 48 0 
t Far. .35° 27’ W. PATO LO es whee ete 24.30, 3:0>, 488 $0" (0.5 
3 % Cape Mesufada...{ 6 16 20 |10 35 0 Angra Pequena.../26 36 50 {15 16 30 
© Grand Bassa ..... 552 0 1955 © Cape Voltas ....-.]28 42 9 |16 20 0 — 
= River Bepsonk babs on 439 © |9 40 © | §St. Helen’s Bay, La 
© Sangwin .........1 5 12 0 | 8 56 0 |&—Cape St. Martin |32 40 0 {17 $3.0 
1 Kron Settra . Sol oe bt 4 54+ OW] 1B N82 O © Saldanah Bay . 133.7 0 17 53 9 
Grand Sisters.....} 4.41 0 |8 7 0 Dassen Island .. +0133 24 © \18 3 30. 
Cape Palmas ..... 423 0 | 7 38 0 Table Bay, RobinI, 33 48.0 [12 23.0 
Var..17° 30° W. mew OWI ss ae o's 0 9818 33 56 15 {18 28 30 
Tabou Point ..... 42820; 7 <8-0 C. of Goon Hope./34 23 40 |18 32 15 
St. Andrew’s River] 5 0 0 |6 4 0 False Cape. seenes 34 Oo |18 52 .0 
_ Cape Lahou......) 5 10 0 | 4 37 © Var. 25° 40' W. 1800 


XIV. Islands, Rocks, and Shoals, in the 
NORTH ATLANTIC OCEAN, 


and 


SOUTH ATLAN et or SOUTHERN 
OCEAN. 


Latitude. 


Places. 


os 


eon,peer ee 


Atkins Shoal ..... 
Chapel Rock ..... 


Devil’s Rocks ..../46 25 13 
Sisk’s Shoal ......140 43 23 
Gough’s Rocks.... 33 
Hamond’s Rock., .|36 45 23 


Steen Ground .... 
Josna Rock 
Bermudas [. Town)32 


rs 

° 

» 

tr 
9ecoaoocoo°o 


Corvo, South Point}39 40 45 {31 
Flores, Pt.Delgada|39 33 ©. |31 
Fayal, "S.E. Point. }38 55 128 


« Pico, < 
% — Point do Espertal 38 
Ss —Summit of Peak |38 

J —eEast Point ...../38 


i St.George, S.E. Pt. 38 30 45 127 
= Graciosa, 
2 —Villa da Praya..]39 2 30 |28 
™ Terceira, ANGRA ./38 38 10 {27 
5 St. Michael, 
o—Pta. Delgada...|37 45 0 425 
&—Pta. Ferraria...}37 54 15 {25 
<< —North East Point}37 48 40 {25 
Formigas, or Ants. |37 17 10 |24 
“St. Mary, Town, .}36 57 40. 425 
_ —West Point..... 36 57 0° 125 
. —-Puntada Castello|36 56 10 |25 
Porto Santo, Town|33 3 15 [16° 
Madeira, 
«Lorenzo Point ../32 43.0 |16 
 —Tristam Point’..)32 54 0 [17 
Se UNCHAL woh td32 37-30% 116 


5 Var. 17° 55 W. 
ys. Dezertos, 

South Point ....4. 

™ Salvages, Middle.. 


ee eee eeeeeee 


Var. 18°23! W. 
Palma, Town..... 
—North Point...; 
f «South Point.... 
S Ferro, Valverde .. 
> 3 —North End. 
™ Gomero, 
§—St. Sebastian ... 
§ Teneriffe, 
S —Hidalgo Point. 


45 
31 
75 
30 

© 
37 

1@} 
Io 
a5 
45 
33 


Longitude. 


TABLE XLU. 
LATITUDES ann LONGITUDES. 


Places. 


Southernmost ,. 6 
oe 


Latitude. ‘Longitude. 
Pie TES ae SF eps OL ne 

--Port Christianos |28 -3. oNir6 44 oW 

—Santa Croz ...|38 23 30 [16 16 30 

Var. 19° 12' W. 

Canary, N.E. Point/28°13. 9 {15 25 45 
7 Palmas +1 nabs 28. 8. Ow j9§ 29- < 
& —South West Point|27 45 oO {15 38 30 
“ Fuerteventura, ; 
p—Point Gorda....}28 46 © 413 §23 30 
= —South West Point 28 4.0 |I4q4 33 39 
© Lanzarote, S. Point/28 5 o |13 45 0 

—Puerto de Naos.|28 58 Jo |13 34 0 

—Punta del Farion|29 14 0 {13 30 0 

Graciosa ..0...65% 29 14 © j13 34 0 

St. Claire ........ 29 17 0 |13 33 0 

Alegranza........ 29 25 30 °|13 31 0 

St. Antonio, 

—SanTa Crvz...{17 1 4o jas 8-15 

—South End ..... 16 54 50 j25 22 © 
2 St. Vincent Town \16 53 30 25 3 0 
S St. Lucia, S. Point)16 44 30 |24 48 4o 
3 St. Nicholas, N, Pt.16 41 30 |24 24 20 
4 —East Point .....]16 34 30 [24 3 © 
3 Salt I. South Point 16 34 a5 |23 0.0 
S Bonavista. N. Point|16 13 40 |23 §9 30 
y Mayo Town..... \I5 7 go (23 17 © 

Skis a 18 . 

—LORT FRAYA ..|14 53 40 |2 fe) 

Var. 10° 48’ W. ie ee 

Fogo, North Point |1§ £ 20 |a4 325. © 

Brava, South Point 14 45 58 124 46 .o 

Penedodest. Pedro, 

or St. Paul’s 055 O |29 309 oO 

Fernandez Po, ; 
—N. W. Bay ....+| 3:28.0 |.7 36°0E 

Princes’ Island . 1°36> 0..4°9) 07 ae 

St. Thomas’s Isle. .| 0 27° 0116 43.8@ 

St. Matthew’s ....] 1 55 o8}9 25 oW 

Annabona, N.end.| 1 23). Ofni5° 94 
_Ascension. rAn Nae ov G55 © 414 15 5oW 

18 St. HELENA, 
= —James Town «++{15 55 O | § 43 30 
S Fernd. de Noronha 3 55 15 132 35 20 

Roccas. .'..'s). 060021 3525400 135038 0 
3 Abrolhos Is......./17 58 Oo 138 26 0 
&® Trinidad J..... o+0/20 32 30. 129 9 30 
y Martin Vas....... 20 28 30 |28 41 0 
~ Tristan de Cunha .137. 6 © {II 44 0 
‘Ss Inaccessible [...../37 19° © jII 50 0 
= Nightingale 1. ....137 29 o |r 48 0 
8 Diego Alvares.... ars 53. 0 10 40 O 
~ Gough’s Island .,.|40 19 30 | 9 41 15 

Lennon’s Reef . be 31 0 }:4:42 0 

Isle Grande ...... 43 9-9 |30 0 O 

Falkland Islands, | ‘3 

—Port Egmont ...|§1 24. 0 |59 56 o 

—Cape Percival ..|51 45. o j6r 28 o 

Berkley Sound eé1 I O {57 25 fe) 

Aurora Isles, - Vf Seiad ; 

—Northernmest . xe) 


SR. 0 


|S Cape a ak - 


Places. — 


oO 


54 
54 
{54 
55 


= Cape Worth <'s.6¢% 

& Cape George 
S$ Cooper’ s Island . 

a“ ¥: Clerk’s Islands ... 


sy  Candlemas Islands |57 
= Cape Montague...|53 
'S Friesland Peak ...|59 
"= Southern Thule ...|59 
3 


fora) 

.Smith’s Cape..... 62 
3 Start Point . .. (62 
= = Cape Sherriff. . tetera’ 
 Ridley’s Island . 
”Seal Islands...... 
BQ ) Clarence I.N.Pt.. 


i 


° 


TABLE XLIL. 


4 458 138 15 


17 0 


36 


32 


Latitude. | Longitude.| 


36 4 20 


34 


27 
26 
26 
27 


42 


‘BtHe CAPE OF GOOD HOPE 
o CANTON, 


C. of Goop Hore |34 23 


Var. 25° 40’ W. 1800 
Palee Cape .<..... 
Cape Aguihas .... 
Cape Infante ..... 
Cape Vaccas ..... 34 
Cape St. Blass... .34 
Cape Delgado .. 134 
Alagoa Bay, 


—Cape Recife. 
Var. 26° 40' W. 1797 
Point Padraon....! 


134 


First Pt. of Natal. [32 
Middle Pt. of Natal’ 31 
Third Pt. of Natal [30 
: Port Natal 


8 Point St. Lucia .. 


Cape Smoke...... 
Delagoa Bay, 
S—English River . 
S = Var. 23° ” H, Aes 
124 
= Cape St. Sebastian |22 
ERazaruto Is. N. end 21 
= Sofala (Fort) 


-~ Quilimaney....... 


Angoxa Is,, 


| —Mafamede...... 


MozaMBIQUE .... 
— Var. 18° 40' WH’. 1802} 
Cape Delgado.... 


ereeeerern 


eereereeeere 


' Magadoxa .......}- 
Cape Bassas...... 
Cape Orfui....... P 

Cape Guardafui .. 


: | Mount Febxs va03 


408|18 32 15 Ef 


©0000 0 0000000 0 co0000 


GS Gs 
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| 


Places. Latitude. |Longitude. 
Ware oy ke 0 J uw 4 4 
Mette Island ..... 11.20 ON|48 52 OF 
Burnt Island ..... L142. .Owlg7'§c . 0 
Barbora ......... 10 25 O 145 8,0 
Cape Rasbel ..... 12,4, POuMg3c41 00 
Socotra I. E. Pointli2 22. 0 |54 53. © 
Babelmandel I. ...]12 36 0 |43 29 0 | 
Babelmandel Gane 42.40 0. lgeagaino 1 
| Var. 8° 45' W. 1799 
. Ras Rattah ...... 14, §6...0 |40}524 40 
Dhalamts vs 50/5... TS, 92 30 [40 T5720 
Massuwah Bay ...|15 34 0 139 37. © 
Port Mornington... J13 16 © 138 32 0 
Suakin...... gore MEQ 151GO 197983 10 
Sabaka.. si. isp ox 20 28 O {37 27 Oo 
Cape Calmez-..... 21°28 0: 487— 25. NO 
Cape Nose ....... 123 58 ©. 135 42.0 
SE. OHS: bes Sea 23 38 0 136. 10:0 
Reef of Breakers ./24 4 0. 136.160 
| Dedalus Shoal....j24 58 0 135 56 0 
3 Centurion Shoal . ing 20 . O SIS RAR ee 
Fy Cosires es So eere: 26 8" 0 434.15 <0 
:SUEZ I me <, 30. 0 30 132828. 70.4 
& Var. 12° o! W. 1800} 
}.2 Tor Harbour..... 28 19 0 133.280 
{S Ras Mahomed . 27 Ax O 124 TSO 
, Bareedy Harbour . 24°17 0 137. 45,440 
Yamba, sac Reta 24 10 '0 |38 21 o 
Juddah |, .vFceeces Qhi:29). On 13QLES eo 
Camfidia os. . ven. LQ) .7, O- 14050" 10°4 
Marabia Reefs, 
—Western Part...j19 11 0 {40 5:0 
Tsoheijas'.'. sees gs 15 44 0 442.440 
# Cape Israel ...... 15 15 0 9|42-4t 6 
Gebel, Lorss. se. 4. [5.32 OF1FR OO 
Var. 8° 3c! W. 1801 
Gebel Zebayr...../15 3 0° [4218-0 
Gebel Zeghir..... 14.2 0, -4gmeaRaeeO 
Moctias.is<: Wee 13 20. Oa gagoLeo 
Var. 1 Potnt W. ; 
Cape St. Anthony.|]12.42. © {44 43 © 
Cape Aden....... {245° (O44 g FOO 
Cape Bogashua ...}14 10 0 {49 26. ©: 
‘3 Kisseen Point ....{15 19:0. 15 @59 0 
iS = Cape Fartash..... 1§ 35 © 154 56:50 
1S = Cape Morebat....]17, 0 © 154 32 0 
| Cape Chansely, ¢ or 
Cae ASL GP OALO 4 hee. 18 a 0 456.397. 0 
} = Cape Isolette...../19 © © 57 45. 0 
@ Mazgeira I. N. pt..j20 45 © 15% 57 0 
Cape Rosalgate .. 0 {22 D2 Ws 160) FOr Oe 
Var. 5° 42' W. 
Museat «caw .ee ses 23 38 0 {5B yo 6 
Cape Musseidom. 26 21 0. .|§6 38 o 
= Var. 9° W. : 
5 Cape Jasques...../25 38 0 |§8 10 0» 
&Gambaroon ...... 2713 0 {56.25 Oo 
‘>Kishmald, N.end.|26 57 0 {56 24 0 
5 Busheer.......... 29 0 .0..|§0 56.0 
KataRer Ortyn, «i.» 29 15.0 4§0 21 0 


TABLE XLIL. 


LATITUDES ano LONGITUDES. 


——-—— j—_—__.. 


Places Latitude, |Longitude. 
ae ee (ee WE 
Bussorau Factoryj30 30 ONI47 33 OF 
Churbar. 3. 6.0 /257 16, 08. [600290 
Cape ‘Arabah ...., 25 10 0 |64 16 oO 
Cape Monze......{24 50 Oo {66 23 0 
Point Gigat ......{22 18 9 ‘69 Ir O 
WiesPoint. 2% 6... BO 4a Oo PFE M5153 
Caibay! soe.) So pee 520" 3 5973) BOO 
SURAT She cea ss spear 1s wo Ap ae a4 
Vauxe’s Tomb....|22 4 30 |72 48 44 
Var. 0° 30' W. 1791 
Damaun, . 6), 0). 63/20 22.0 WG 
Omergon........./20 10 30 |72 56 30 
St. John’s Point ..j20 3 0 {72 49 © 
Basseen Fort .....]19 19 © |72 55 24 
BOMBAY ..0....4.]18 5§ 42 {72 54 24 
—Light House....]18 53 © |72 52 54 
Var. 12 0' W. 
Henery&KeneryIs.J18 42 20 |72 53 0 
Coullaba I,.......118 37 20 172 56 30 
Chaoual...... oes CROs 92) 90419 s" "OE 
Bancoot .........117 56 40 |73 7 54 
Severndroog......|17 47 30 173 9 © 
Dang '.i5% oo oes sftp MOO 173 FEO 
Gheriah...)..... 5 .|£6°30 47 173 22 24 
Vingorla Rocks...115 51 0 {73 30 0 
REO Ans ac eas ee SLPS 20 BO L732 $330 
Alguado Point..../15 28 55 173 48 39 
St. George’s Island|15 21 0 {73 43 0 
Oyster Rocks ....|14 48 0 |74 % 0 
+ Carwar Head...../14 47. © |74 12 30 
SMOLE Ves bse ern tth (20°)! Pa? 3a" Ole 
© Fortified Island...[14. 17. 0 {74 29 0 JE 
3 Pigeon Island ....{1¢ 4 0 174 27.0 | 
3 Barcelore........)13 45 0. 174 50 0 
= St. Mary’s Rocks .113 21 0 174 49 0 
Permira Rocks ...JJ3 It 0 174 52 0 
MANGALORE .,...|12 50 3c |75 12 0 
Mount Dilly......{11 59 go {75.30 0 
Cananore:.......f1l §8 O° 175 10 0 
Tillicherry .......)11 45 20 175 47 30 
Sacrafice Rock ...|11 30 9 1|75 50 0 
Calicdt iced ]hT 15° 0. 4766 O 
Cranganore ......J10 17 0 |76 23 0 
Cachin, .:..5%...1:9 57 36 1703070 
RAM Go's Vs Adon tp 8 51 30 176 48 0 
Anjango Roads ...{-8 39 25 |77. 0 0 
Cape Comorin ..| 8 4 O 177 45 0 
Manapar Point ...] 8 22 0 178 16 o 
‘Trinchindor Pagud| 8 30 0 {78 13. 0 
Point Calymere... Io 18 30 J7) 58 Oo 
FR ere SEH AIO 45 's0"7G “55 26 
6 Trangitebar . sooesslI £30 179 54 30 
© Devicotta........[r1 24 0 179 50.0 
3 Porto Nova ...... Ir 31 o 179 48 Oo 
3 Cuddalore........ It 43 0 179 50 30 
S$ PONDICHERRY ...|I1 55 41 179 53 45 
S Sadras..... eetece 48992 'O’ BWoirg oO 
MapRas, 
- —Fort St. George .113 10 (80 21 35 
| Var. 0° 35’ E. 1798 
| Pullicate.........113.25. 0. [80 26 9. 


Places. Latitude. 
AW bs wr er ies 
Armegon........|13 59 oN 
Point Divy......115 59 0 
MASULIPATAM ..|10 II O 
Point Gordewar .|16 48 o 
Cortnga $7. : Abs oS 16 49 oO 
Visagapatam ....]17 42 30 
+; Bimliapatam ....]17 53. 0 
= Ghicacole ....... 18 18 oO 
© Ganjam ee et 19 22 30 
= Jagernaut Pagodal1g 48 21 
= Black Pagoda ...|1 IQ §2 15 
s False Point...... 20 19 O 
5 = Point Palmiras ..|20 44 0 
~ BALASORE,..... 2f7 200.0 
Ingerlee Pagoda .J21 44 0 
Kedveree i...) &: {21 537 9 
CALCUTTA, 
—ort William ..j22 34 40 
Chandernagor ...]22 51 26 
Mud Peint..... 21 56 0 
Saugeriis. lee. 21 36 © 
Light House Point}]21 28 o 
Tail of E.Sea Reefl20 57. o 
Tailot W.SeaReefj20 59 0 
W. ft. ofthe Brace|21 12 0 
Islamabad, or 
Chittagong ...... 22.20 0 
Aracan River, 22, 19 
hedubal.N,W. pt 18 58 o 
Cape Negrais....]/16 2 © 
Diamond. Esles 15452 +O 
, Bragu Poit..... 1§ 44 0 
ef = Martaban ....... 16 29 0 
oe PEGU I. ee tes i8 0 0 
~ Tavay Point..... 13a3r" 6 
Mersuysii. i... dale 12 12 Oo 
Junkselon, High | — 
Mount. S. ead .| 7 45 © 
Slipper Island ...] 7 20 o 
Queda Fort ..... 6 60 
Pulo Pinang, or 
Pr. of Wales L., 
S=<Fort Cornwallis 5 24 30 
= Parcelar Hill, 252 0 
MALAGGAY....'. 3 212-0 
Moant Formosa. .} 1 49 0 
Pulo Pisang..... L209 
Point Romania ..| 1 23 30 
Tringano, Kiver 5 21 0 
Stam River. ent. I4 29 40 
Camboja Point ..| 8 40 o 
Cape St. James ..| 10 180 
Cape Avarello .,.J12 55 0 
Puio Canton... 2. ate 23.0 
3 Turon Cape ....: le pay ie 2 
ee Tigersels oy. .\3 <% 16.54 0 
Y Tienpack, et. to./21 24 0 
Haiiin Id..W. Pt.}21 34 30 
Mandarine’s Cap.j21 28 0 
Hawchenn, or 
False St. John’s L.jar 35 15 
—South Point ...J21 33 40 
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TABLE XLIT- 


LATITUDES anp LONGITUDES. 


Places. Latitude. | Longitude. Places. Latitude. |Longitude, 
eS Sameer ae Corey eee tOllk B 
MACAO. oo cee ess 22 10 30N|113 32 OE s Var. 23° 50’ W. 
Grand Ladrone..|21 57. 0 {113 44 0 ¥ PSussex Rocks..... 21 22 OS|4a 42 OF 
TANGRE Oli S02 6 22 24 30 {113 48 O % Bazaruto Is. N.endj21 30 © {136 2 0 
GrandLema W.pt|22. 2 o {114 14 30 [English Bank..... 17 42 0 |4o I5 o 
WANTON. ws. 2 23 1.9 Jom lhTs. 164.0 $ Juan de Nova, or 
2 St. Christopher’s I.{17_ 2 © 143 9 © 
eas TET EL. 18.26 0 (44 15 © 
XVI. Islands, Rocks, and Shoals, in the |S Cpmv sland «....|17 30 © 44 4 30 
1./16 
INDIAN OCEAN. sane ae (SARA Pos est 
§ Mayotta (Peak).../12 54 0 145 54 © 
JOHANN A Bay. ia 7 3° 144 39 0 
Telemaque Shoal.|38 11 oS} 21 58 OE 5 Var.1 Ho O36! W. 1798 
Fortune Shoal .../33 8 © | 43 5 © | #Mohilla.......... 12 20 © 143 50 0 
Augusta Shoal ...|33 44 0 | 3616 oO S Comoro ......e00. II 32 © |43 2§ o 
Otter’s Shoal ....133 56 0 |.36 c o 
Barker’s Rock.../37 43 © | 32 5 Oo John Martin’s I. ..J10 19 © 443 30 0 
Duteh Bank..... 37.20. 0 | 38 52 0 Portuguese Shoals.j12 30 0 |46 47 0 
Pr. Edward’s Isles, Firebrass Bank .../13 16 0 146.20 0 
—North end..... 46 39 30 | 38 2 30 Aldabra Islands...) 9 17 © \4614 0 
—South end..... 46 52 30 | 37 47 0 | Assamption....... 950 © 147 16 0 
Desert Islands.../48 5 0 | 48 0 o * Cosmoledo Islands} 9 45 © |48 40 0 
Necklegal....... 40 40 0 | 54 0 0 Natal Island......} 8 26 o |47 12 0 
Kergulen’s Land, St. Peter’s Island..} 9 22 0 |51 45. 0 
—Christm. Harb. 48 41 15 | 69 2 © | Juande Nova....]/10 15 0 |s2 20 0 
—Cape Digby ...]49 23 30 | 7032 0 | Astove Islands..../10 20 0 |53 32 0 
—Cape George ..J49 54 30 | 70 12 oO St. Lawrence Is...} 9 35 0 [52 15 0 
—Port Paliser...J49 315 | 69 35 oO | Providence Island.| 9 19 0 {53 7 0 
St. Paul’s Island .|38 44 0 | 77 53 0 ; Inverarity, or 
Amsterdam I. ...]37 52 o | 77 53 0 Alphonsina I......} 7 3 30 {52 49 0 
Cloates I. ....... 228.0 1112 30 0 Zanzibar I........ 6:6..0. 140° 28§ 20 
Tryal Rocks ....]19 30 © |105 30 oO Amirante Is.,S. Pt.| 6 20 0 154 40 0 
Christmas Island .j10 33. 0 {105 33 0 w—Bagle Ls. secs] Syl £00454 
Cocos, or Mahe Bank, 
Keeling’s Islands, —N.W. part.....1 3 20 0 154 40 0 
—Northernmost..j1§ 50 © | 97 0 0 —S. E. part ...... 5, 25. OMS 2: OD 
True Briton’s [...| 9 30 © | 89 14 0 Curreuse 1........ 410 © {55 45 © 
Le Meme’s Reef .| 1 20 ON] 94 20 O African Islands ...] 4 55 0 |54 9 30 
eWrss Seychelle, or Mahé) 4 35 0 55 35 0 
Cape St. Mary...|25 40 OS] 45 16 oc Var. 7° 44' W. 1801 
Sr. AuGuSsTIN’s B. Praslin Island ....| 4 19 © {55 47. 0 
—-Sandy Island ..]23 39 © | 44 0 0 Fortune Bank ....{7 7 0 |57 4 0 
Cape St. Vincent./21 46 © | 43 50 0 COVED | os », <tem ah 714 0 [5632 0 
Cape St. Andrew’sjt6 2 © | 45 16 0 Sandy Island ..... 15 52 0 |§54 50.0 
: Table Cape ..... 15-43 0 | 46-6 o Cardagas Bank, 
E Bembatooka Bay |t5 43 © | 46 28 o —North part ...../13 30 0 |60 30 0° 
jm Majambo Bay .../15 10 0 | 47 6.0 —South part ..... 16 45 30 |59 59 20 
, Narreenda Bay..]/14.31 © | 47 45 oO Gallegos Shoal....j10 25 0 (5645 0 | 
& Dalrymple’s Bay.]13 31 © | 48 9 0 St. Brandon Shoals|16 38 o |62 50 0 
Passandava Bay ./13 45 © | 48 23 09 Roderigos........ Ig 40 38 |63 IF 30 
3 Var.18° 45 W. 1802 Var. 139 W. 1802. 
S Cape | St.Sebastianj12 28 oO | 48 54 Oo Mauritins, or 
Cape St. Ambro..j12 2 © | 49 24 0 Isle of France, 
Antongil Bay, ent. 16.27 23° 1-50 @3 35 —Port Louis, or 
St. Mary’s Island ]17 0 © | 5025 oO Port North West|20 9 45 {57 29 15 
Foul Point ...... 17 41 0 | 49 36 oO Var. 16° 20' W.1789 
Poirt Itapare..../24 58 30 | 46 44 0 L’Isle de la 
Port Dauphin .../25 1 0 46 38 o Reunion, or 
Bourbon, 
Star Bank, N.end|25 7 o | 4416 o —St. Dennis ... ../20 51 43 |55 30 © 
Bassas de India..|22 28 0 | 40 37 0 South Roquepiz, .|10 30 0 '64 30 0 
21.28 0 | 40 8 0 Speaker’s Bank. .| 4 48 0 |72 30 0 


__ Europa Rocks... 


252 TABLE XLII. 
LATITUDES ano LONGITUDES. 
Places. Latitude. |Longitude. | Places. Latitude. | Longitude. 
ce. —s) SD Te tO ee eee ‘ * Khao ae. F o . w/ 
ChagosArchipeiago f Narcondam I. ...|/13 24 ON| 9412 OF 
—Peros Banhoss..] 5 22. 08/71 53 CE L[nvisible Shoal ..J11 8 0 93 38 oO 
—Boddam’s I. ...} § 22 © |72 15 © } : 
—Eagle Is... 6.10. OW 17 T2140 Car Nicobar. 9 10 0 | 9256 © 
| Diego Garcia...) 7 29 © |72 28 Oo | .. Batty Malve J. 8.46 32 l*gaesay@ 
i, Centurion Rocks..| 7 41 10 |70 59 © | '$ Telingchon,N end} 8 32 9 | 93 43 0 
; Centurion Shoal ..| 7 44 0. 172 52 0 | § Noncowry ee ee es PS Tye 93 41 Oo 
{ Candu Jslands....] 5 53. © 176 45 © |Sombrero Channel| 7 AS, 95)1°93035 sce 
Adu Islands ......1 5 15 O 176 25 © | & Miroe Island. 7 3); SAT QP 465 oC | 
Gama Island ..... 210 9 |7610 © 4{°S Little Nicobar, _ i . 
Grenville’s Rock..| 0. 10 0 [80 52 O° [iS —N.end........ a 0 "O35 ma 6 
Pulo;Oura}s 2. .4 0 40 oO {82 6 0 | ‘Great Nicobar, ; 
Bale of Cotton Rk.| 5 18 ON|88 20. o —S.end...... «-| © 45° 0) 4:94 O20 
Maldive Is. S.E.pt.| 0 36 08/73 25 0 
—N.W. part.....| 77.6 oN|73. 8 0 TanasserimI.N.pti2 38 © | 97 32 © | 
Maliqhed.i7...<e5'1 18, 16°90\ Fer 3 0 Tores BS. 2. save ula Liry§Q. Oh O Ri diee® 
Laccadive Isles, Domel J. N.end./t1 23 0 [| 97 50 0} 
—Seuvelli Is......J19 © oO 172 36 0 Seyer Is. 4.26. 21 8 36 0 | 97 46 © | 
—Kalpeny I......]10.-4 o 173 48 0 
ie A pee ena 10 2 z rn iz } XVII. Islands, Rocks, and Shoals, between 
vi ey ae maa HF a rt r- > o | the INDIAN and PACIFIC OCEANS, 
pt. o's. 00.0 |bON4S. ROT 2 I5Te ro from Sumatra to New Guinea. 
—Ameni.........|11. 6 30 173.8 0 
—Cardamun....../11- 14 0 {73 12 30 Diamond Point..| 5 18 ON] 97 48 .0E 
—Kittan .........|11 29 0 |73 24 0 Tanjong Bon....] 1 6 oOS|104 20 o 
—Chittae ......../11 42 0 173 4 0 Lucepara Point..}| 3 14 0 |106 0 0 
—Aucntta........]10 51 30 |72 3f O Hog’s Point..... 5.154, OuOgndar ue 
—Peremulpar ....j11 9 © -|72 28 30 Flat ;Pomt. .iy.\.6) 6 0 OQ |IO4 40. 0 | 
—Betra-par......|1I 35 30 |72 34 0 Pulo Pisang.....; § 10 O {103 53 0 | 
—Cherbaniani Bk.|12 22,0 |72 IO oO BENCOOLEN,....1 3 48 © !102 28 © 
—North West pt. ./13 30.90 179 45 o » Var. 1° 10! BE. 
Angrias Bank, mid./16. 30 o {71 §5 © [| indraponr Point.| 2 12 0 |I00 40 o 
Elizabeth Bank...]17_ 5 © |71 28 c | 3 Padang......... 056 0° |100, 3 0 
—— g Priaman ........ O41 Oo 99 52 oO 
Point Pedro......] 9 49.30 |80 24 0 | Natal........... 0 29 ON} 98 58 o | 
COLOMEO........ 6-54.07 BOO! oO Tapanooly Bay..} 1 40 0 | 98 54 © 
. Point de Galle....] 6 4 © [80 I9 20 Barroos,. 1256 662 156 0 | 98 33 0 
© Dondra Head ....| 5 55 30 |80 42 20 Point Labon..... 336° Oo ):96 45h e 
{| = Grand Bassas.....| 6130 |81 46 © Cape Felix ......} 3 47. © | 95 58 o 
Little Bassas .....| 6 24 30 [81 55 0 ACHEEN Head, 
§ Elephant Point...] 6 200 [81 39 15 —King’s Point... 5 33.0 195 17 © 
>Battacolo Roads . 744-0 |81-52 0 —Point Pedro...| 5 42 0 | 95 35 © | 
~Venloos Bay . 757 0 |8I 44 0 eo . J| 
TRINCOMALEY . ..-| 8 33 30 |8I 20 50 Pulo Way, E. Pt.| 5 46 0 | 95 27 © 
Var. 0° 30 E. 1798 13-—-West end ..... 5 48 0 | 95 18 Oo 
1S Paulo Rondo, mid.! 6 .4 30 | 95 14 0 
Preparis Island...]14 52 0 {93 4m © {| 3 PuloBrasse,E.Pt.) 5 42 0 | 95 13 © 
Preparis Reef ....|14 45 © |93 39 © j#-=-North end..... 5 46°00 195-6 2 
Great Coco L., ‘sPuloNancy,E.Pt.| 5 49 0 | 95 17 © 
-—North end..... |14 8 © 193 26 30 [Cocos Island ....| 3 6 © | 95 12 © 
Little Coco [. ....|13 58 30 193 18 © } 3 Hog{sland,N.Pt.| 2 50 0 | 95 30 o 
‘ “ PuloBanjack,S.P.] 2 5 oO | 96 48 o 
~~ Great ee = Pulo Nias, 8. Pt..| 0 32, 0 | 97 9 O 
S$—North end.. 134 Foose OF 3 Claps 8 ie et ~ 110 25 0 | OF%6R0 
2—South end....../11 26 0 192 54 o |* Pulo Batoa,N. Pt} o 10 0 98 45 0 
i ‘e—Port Cornwallis.|13 18 0 |93 10 0 | © PuloMinton,S.Pt.| 0 40 0S] 98 10 0 
§ Little Andaman, = Se Booro, N. Pt..| o 56 o | 98 38 oO 
S—South end......J10 26 o 192 43 0 | S—S.E. Point....) 1 47 09 | 99 14 0 
= mq The Brothers.....j10 55 0 {92.48 o | Se Pora, 
oi ——N.W. Point...) 154 © | 99 26 0 
Barren Island . 1217 0 193 54 © —Pt.Marlborough| 2 25 o } 99 58° 0 


TABLE XLII. 253 
LATITUDES anno LONGITUDES. 


P laces. Latitude. | Longitude. Places. Latitude. ' Longitude. 
te ‘ort nent a A. we te ee, oe Si ie a. 
NorthPoggy,N.pt| 2 32 oOS{1oo o oOFf Tree Rock...... | 2 27 308|106 59 oF 
SouthPoggy,S.pt.) 3 20 O [loo 35 oO MiddleI.S.W.Pt.| 2 55 0 |107 3 45 
Tricste Island . A 2 ,OMMMOT) a2" © Alceste Rock , 2 46 Oo |107 2 © 
Enganno I. S, pt. 5 27 © f102 33 o 
, Muncooda Pt....| 1 27 0 105 5r.. © 
x Pulo Bouton ....| 6 33 ON! 99 20 30 J~TanjonzGoonting! 1 43° o Ito5 22 *0 | 
$ Pulo Pera....... 5 42 0 199 1 © | = Mount Mono.in |. 0 © {105 14 © 
§ Pulo Pinang, or : § Mount Permisan.| 2 36 30 ICS 55 Oo 
i Pr. of Wales Id. .] 5 24 30 |f00 21 30 §“Lalary Point ....1 2 47 39 os 54 0 
~ Pulo Dinding ...] 4 16 0 }i00 38 o Entrance Pt...-.} 3 2',0. |106 84 0 
® Pulo Jatra......14 09 © |f00 14 © 
= Pulo Varela.....| 3 47. 9 | 99 30 30 Lucepara Island .| 3 12 30 1106 12 0 
3 Brothers, Pulo Toty.....6.] 0 58 o [105° 42 0 
= —Northernmost . 324 0 | 99 54 9 The Seven Islands} ¥ 5 16 |105 24 4 
panne 0°, ,N.end 254 0 |I00 43 0 Lingen Id., E.Pt4 0 21 © }105 4 0 
‘>Round Arroe . 2 49 30 |f00 50 o Dogger’s Bank ..1 0 39 ON|105 24 0 
| + Little Carrimon.. I 9.30 {103 25 o — 
% Tree Island ..... I 7 30 |303 40 © Princes’ Id. Peak] 6 35 OS|105 19 0 
Barn Island..... 113.0 [103 4% © Cracatoa, Peak ..] 6 O |105 28 30 
= Black Rock.....] 1 12 © {103 48 0 
w St. John’s, 8.Point] 1 17. 0 {103 50 © Pulo Besse, or 
| 3 Bintang, Hill....} 1 2 30 |104 30 0 ‘Tamarind Isiand.| 5 57. 0 jiay 3r oF | 
‘3 Pedro Blanca ...] 1 20 30 [104 25 30 PuloRacket$.Pt) 5 53 0 |105 32 0 
Y Pulo ad wes] T 4 0. [104 54 0 $8 Thwart the bias 5 56 30 }¥05.§1 0 | 
&Pulo Tingy . 216.9 |104 7.9 North island. 5 41 0 05 50 13 
w Pulo Auro...... 2 29 30 |104 34 39 J; Three Sisters . 5 43 39. ]105 49 9G 
55 PuloTimon, N. Pt| 254 0 |104 15 © |'sThe Button ..... 5 §3 30 {105 568 oO | 
Pulo Varelle ....] 3 16 © |103 4@ o [The Cap........ 6 0 30 |105 56 Oo 
= PaloBabee, E.end}] 5 47. 0 !ro6 Ig © 
1.3 North Anambas..! 3 27. 0 |to0 15 o |% South Waicher...{ 5 41 45 [106 42 45 
|» Gt.Anambas,W.pt' 3 2 © |105 46 o North Watcher ..J 5 12 30 {106 32 9 
 Pulo Domar..... 245 0 [105 27 0 ‘Two Brothers, or 
3 South Anambas..| 2 18 0 1106 13 0 Two Sisters .....15 9 30 |106 5.0 
= Saddle Island ...| 2 25 o |105 45 © Jasou’s Rock ....1 5 30 0 |106 20 9 
all | . Pulo Racket ....] 5 58 oO [108 33 0 
| The White Rock.) 2 15 © |105 36 45 {|S Fox’s Reef ...... 3 31 O |t10 5 oO 
North Natunas ..} 4.50 © |108 4 oO | [Carimon Java...) 5 50 0 |1I10 34 0 
| Gt. Natuna,S.end| 3 4o o [108 19 0 | 8 Lubec Island. § 45.0 [117 48:29 
S. Natunas,W est 2 42 © {108 4o Oo > Arrogants Rocks. 8 22. O- L329 Gag 
St. Pierre. 2 0 O |108 54 2 Great Salombo .. 5 32 Of jiE4 28K. 
Victory’s island, 134 0: |106 23 0 Little Salombo...| 5 24 9 |114 28 0 
| Saddle Island. 117 ©O W107 4.0 Arentes ae See § 10 oO |114 36 oO 
. Camel’s Hump.. I10. 0 {10657 0 
© St. Julian’s Island} 0 54 0 |100 47 © Java Head ...... 6 48 © |105 17 © 
® Timbelan’ s Is. "O°. 0. MLOZ 36,0 Var. t° 30' E. 1790 
Sst. EspritIs. E. end © 35 O |107 12 0 Anjer Point.....16 4 © {105 54 30 
Rie gATNE|..¢..-- O69, OMe S St. Nicholas Point! 5 54 0 |106 2 0 
|g Direction Isiand .| 0 15 30 |108 19 © #.; bantam Point.,.| 5 52 © j106 6 oO 
+ Porto Bello .....) 0 54 OS'106 go o FS Bantam......... 6 4 0,|100.12 6 
= Carematal.NW.pt| 1 33 0 {108 49 0 Fe BATAVIA, obs...) 6 9 oO {106 ST 45 
§ SouroutouL., W.P.| 1 42 0 |r08 42 oO | ~ Edam Island ....| 5 57 0 {106 53 30 
5 Wellesley’s Shoal | 1 Ig 0 {10% 35 © } =Indermay Point..| 6 10 0 Re 30 0 
= Ontario’s Reef...} 2 3. 0 {108 40 0 |? Cape Sandana...] 7 39 © [114 36 © 
 Montaran Is.....1 2 33 0 {108 36 o Iast Point ......} 8 39 © |114 40 Oo. 
. Billiton, N.W.Pt.| 2 36 9 |107 35 Oo Wesels Bay ..... 8 10.-0 |I12 55 0 
—South East Pt..; 3 24 0 |10812 © | Turtle Bay...... 745 O |109 47 oO 
| w7Soath West Pt.| 3.15 © {107 20 oO Wine Coopers’ Pt.) 7 24 9 j106 30 0 
Shoal Water Id. .| 3 20 30 |107 13 0 -_—— 
| Vansittart’s Shoal} 2 11 15 |106 46 o Madural.NW.Ptj 6 53 0 jrt2 45 3 
Warren Hasting’s ' —East Point ....] 6 53  |113 5% 30 | 
Shoal.........] 2 21 30 |106 57 0 Bally 1. S$. Point .| 8 57 0 {135 9 o 
Gaspar Island ...1 2 25 35 {107 § 15 Bally Str. S. ent..] 8 45 Oo {114 40 0 


TABLE XLII. 
LATITUDES axnp LONGITUDES. 


Places. Latitude. | Longitude. Places. Latitude. | Longitude. 
To ee rs Se Ga rn we ge eae wR ep it 
Bandittil.S.E.Pt.| 8 46 oS|115 31 OF} ObyMajor, W.Pt., 1 30 oS|127 1T§ OF 
Lombock I. S. Pt.| 8 47 0 {116 2 0 | ,;Gomona........ I §6). QO [1271386 
—Peak ......... 8 ar 30 [116 26 o | &Pulo Pisang.. ..) : 23 0 1128 53. 6 
Lombock Strait, z Mysole, West Pt. I 54 0 |129 30 © 
.—S. entrance.... 45.4.0 160 E5030 YRS KRanaryed feces > I 44 0 |129 14 O . 
= Var. 1° 30 W. » Pulo Popa, S.end) 1 12 0 jt29 52 0 
& Allas Str. S.entr.| 8 50 © |116 28 o FS iti Pigon] 0 58 © {130 34 0 
cA PREP e ad 5 0 {116 38 o JS—North East Pt. | o 54. 9 1130 56 oO 
ras East end.. 42 0 |119 14 0 Battenta, C.Meboj 0 56 © j130 25 oO 
= = Gunongapee, Pk. 8ir o |I1I9 5 O —East end...... © 47. O {%31 10° © 
= Strait of Sapy....| 8 50 © |II9 35 Oo Pigeon Island ...{ 0 37. 0 |130 38 o 
® Bangalore Shoal .| 7 40 © |I21 15 0 Fonlslgabibs soso Bs 0 40 O }130 4o oO 
= Str. of Mangeray.}| 8 35 © [120 g o WevogeeI.SW.Pt.| 0 28 Oo |130 22 0 
=! Strait of Flores ..] 8 40 O {123 3 0 —Point Pigot. Oar o 131 18 Oo 
y Solor Straits..... 8.3810 TAZ %0G%.0 Geby Id., Harbor. 0 4 'O |I29 20 0 
Ombay I. E. Pt..| 817 © |125 I5 © ¥ oabds. 00. 0 28 oO |I13r © Oo 
Sandlewood Id., Asia’s [ayl', (eiwir | I 0 © ‘131 20 © 
—West Cape....] 9 42 0 |I19 0 © Gillolol., N.end.! 2 23 oON|128 15 o 
/ «eEast Cape.....]10 0 O {120 35 Oo —South end..... 0 45 08/128 22 o 
‘Savu I., Factory .J10 37 © |122 0 o | ¢Moratay, N. Cape] 2 44 ON|128 25 © 
New I. near Savujio 4o O |i2I 3 © | S—Southend..... I 45 0 |128 16 o 
RottoIld.SW.endjit 2 © |122 55 o f-=Ternate Island...J 0 50 0 {127 34 0 
SavulShoal, W.en.|11 33 © |124 10 © 4,2 Tidore Island....! © 43 0 {127 37 © 
Shoak ; oe. 6c. ~(f2.45 © [124 28 0 Tyforetli. ois. an © 58 © {126 27.0 
Cora] Shoal ..... 13 B5e: O MUL EA TOO Myo Island...... I 12 © |126 39 oO 
Shoal. 6oe.' iii. de 13 32.0. ff24 29° O Salibobo Islands, 
Red Island ....,.|15 10 © |124 20 0 —Southernmost..| 3 47. © {126 45! o 
Semao Id. S. end.|10 25 © 1123 12 0 Glatton’s Rock ..| 3 50 30 !125 35 0 ¢ 
Strait of Semoa, Haycoekins.. «is 256 © |125 50 oO 
—West entrance .{I9 33 © [123 20 0 Sanguy I. N.end.! 3 46 10 {125 17 10 
Timor I. S.W. Pt.j10 23. 0 |123 30 Oo Siao Island, Peak| 2 43 © [125 24 15 
—N.E. Point ...| 8 21 0 {127 15 o Bijarre I. Peak..| 2 15 © {125 10 0 
Pulo Bato....... 9 10 Osta), 6.70 Tagalonda ......] 2 25 © |125 20 0 
Timorlaut, SoPta B FS 071139) 50, Lo ao 
ArroelIs, S.end..| 7 6 o {135 0 0 Bankarligic.e. ee 15% 0 “last aie 
s Banda Island. A Ar 0 “at se) (OU Monado Fort....] 1 27 © |124 38 o + 
& Burning’ Island . eof’ 6 35. Ox 1126 40° 0 Cape Coffin .....1 1.42 © {125 0 o 
3 Booro I., Town..| 3 25 9 |127 0 0 Strait of Limba . .| I 22.30 1125 14 0 
S—N.W.end..... BO Vi tas 39 2k Castican Bays 2a 048 0 |124 45 0 
—South end.....}] 3 54 © |126 33 0 Goonongtalla R..1 0.30 © |123 0 0 
AMBOYNA, _Cape Talabo ....| 0 48 ©S 123 57° o 
| _~Fort Victoria .. 3.40 0 {12845 o | Cape Lessen..... 454 0 frat 28 © 
Great Xulla,S.end]| 1 51 © {124 52 0 © Cambynas I. Peak] 5 16 © !122 9 © 
{ Xulla Mangoia, |S Bontheam.......1. 5 34 © |120 32 © 
| —Westend .....] I 43 O {125 21 oO MACASSAR...... 15 9 © ITI9 38 45 
Xulla Bessee, Mandhar Point ..} 3 35 9 {119 9 o 
—N.W.end..... 158 o {125 48 Oo Cape William. ... 1234 0 |r18 58 © 
Little Salwatty ..| 3 57 © |131 17 0 et il ab te 0 © ONIr19 26 o |F. 
Ceram Laut.....] 3 53 © j|130 59 oO Donda Point ....] 0 48 © [119 57 0 
Cape Rivers..... i 15. O ‘fr2o°44 0 
Lahoe, W. end ..] 3 18 0 {128 0 0 — 
m Amahoy ...... oul 932i’ O.. 1188 5850 Bouton I., N. pt.) 4 21 0OS8|123 5 o © 
1 = Kessing, E. Pt. ..] 355 © |13¢ 40 0 fy —Southpoint sooet § 48 O [122 44 O 
= RazaketPt. E.end] 3 36 © [830 5r 0 | ZN. Token Bessee,| 5 10° 9 |123 40 © 
© Waroo Bay .,..., 3 ° o | #SalayerI., N.pt..| 5 48 o |120 46 0 
Saway Bay......} 2 ° o |. Brill Shoal ...... y 5 3° 11 9 9° 0 
oe = Postiliions,N. W.ptt 6 32 o {118 48 0 
Harakau...... on = Rotterdam Istand |’ 5 thro Be 39 9 
SEPAFAlls cine caees x= Waller’s Shoals ..) 4 37. 0 117 8 o 
MUN TLMALEDEL 2: isis cia: 0 0's = Litde PuloLautis. | ¥ 
DACA Silene nie x 8c 3 Ee dere, S rend. c3..% ii °° 
pi 3 0 
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TABLE XLIL. 


LATITUDES ann LONGITUDES. 


Plaves. Latitude. 


Longitude. 
7s ThGoemieaatl oo) Oe le a. fe 
» Brothers ........ 4.26 oS|116 32 oO 

§ Divaider nid 5 gine 412 © {116 2I 0 

= Great Puio Laut, 

= —Sonth Point. 4 6-0; 1116 14 0 

—N. E. Point ...] 3 23 0 {116 41 © 

>The Three Alike.| 3 41 0 |116 54 0 

= South Watcher ..J0 8 oN|rI9 26 0 

“ North Watcher ..; 0 35 © |119 37 © 
North Point.....}7 0 o |116 50 0 
Unasang Point...) 5 17 © |II19 25 0 
Kaneoogan Point] 1 5 o |IIg Io oO 

~ Ragged Point ...} 2 10 0S|116 48 o 

§ Shoal Point .....] 2 35 o |116 47 oO 

* Point Salatan....| 4 10 o |II4 42 0 

Fe Ta ad mag 3 30° © {IIT 50 0 

point Sambar ...| 2 5r o |109 45 o 
Tanjong Factie..} 1 6 o |109 23 0 
Sambas Roads...| 1 12 ON|109 15 0 
Tanjong sl ae eee] 219 O |109%25 Oo 
Tanjong Dato...| 3 © o {110 13 © 
Borneo. 455 © |II4'55 0 
Banguey Peak...| 7 19 0 {117 6 30 
Balambangan I., 

—North point ...| 7 16 o |116 58 o 
Balabec.........| 7 57 © |116 56 0 
Palawan, S. point] 8 10 o |II7 3 0 
—North point...Jrr 31 o |TI19 25 oO 
Cagayan Sooloo..| 7 0 o |118 36 o 
Sooloo I., 

—Tecmontanges ., 5 57 © {120 53 30 
—Tulyan ...... Oo |I21 12 0 
Basilan Id. E, pt. 6 30 © {122 30 0 
Mindanao, 

_ —Samboangan...| 6 54 © |122 2 0 
—Port St. Maria.} 7 33 o |122 0 0 
—Banajao Point.} g 40 © |125 20 oO 
—C. St.Augustine| 6 13. 0 |125 58 oO 
—MINDANAO ...] 7 10 © {124 30 0 
Samar, . 
—StEspirituSanto 385.9 | 1L25).27-'9 
St. Bernardino, I.J12 46 0 {124 15 oO 

« Mindoro, 

&—Calavite Point {13 27 0 |120 20 0 

%—South Point... |r2 11 © {121 14 Oo 
, Goat Island . 13 52 O |120 ° 

= Mirabello Shoal. ; (114 40 © |IIQ 30 O 

.=Marsingola Shoal 15 13 0 j|117 46 oO 

‘= Luconia, ’ 
= —Albay Volcano.|13 44 15 |123 34 58 
—MANILLA.....|14 36 8 |120 51 30 
—Subic........./15 5 © |120 9 0 
—Capones Point.|/14 52 30 |120 3 30 
—Boliano Point .|16 27 39 |120 9 o 
—Cape Bajador .118 42 o [120 §2 15 
—Cape Enganno.|18 37. © |122 10 o 
—C. St. Iidefonsoj15 25 § |121 46 30 
Mauban...... ..114 8-0 |12t 44 o 
Manbulao.... ../14 18 © {122 43 0 


‘ 


Camiguen Island, 
—Volcano...... 


Bashee Is. N.most|2r 8 
Bottel Tobago 
Xima......0-. *|2I 59 
Vele Rete Rock ./a1 42 
Formosal.SE.end|21r 54 
—Tayoan....... 22 35 
—North East Endj25 11 


XVIII. Islands, Rocks, and Shoals, in the 
CHINA SEA. 


Pulo Panjang.... 


I 
Pulo Tingy...... 2 18 
Pulo Agro sis’. as 2 29 
Palo Timon, 

—North pt. ..... 2 54 
Puio Varelle ....| 3 16 
2 North Anambas..| 3 27 
« Great Anambas..| 3 2 
Ss $Pulo Domar..... 2 45 
S South Anambas..] 2 19 
~~ Saddle Island.. % 25 
The White Rock.| 2 15 
North Natunas ..| 4 50 
Great Natnna, 
—South end..... 3 40 
South Natunas, 
—West I........ 2 42 
ot: Plerretis yo. 2 O 
Saddle Island....| 1 17 
Victory’s Island..} I 34 
~Camel’s Hump...| 1 10 
St. Julian’s Island] 0 54 
Timbelan’s Is. ...] I 0 


St. Espirit Islands, 


mors OUI ss ass axe O 35 
SOCMRRANEIG o's o's a o 9 
‘ Direction Island .| o 15 
Pulo Brala......| 4 47 
Great Ridang....| § 53 
Pulo Coron......| 9 57 
Pulo Way....+..1 9 55 


Pulo Onby.... ..| 8 25 
Two Brothers ...| 8 30 
- Pulo Condeore ...| 8 40 
Pulo Sapata..... Io I 
Po. Cecir do Marj1o 32 
De Breto’s Reef. .|10 32 
Holland’s. Bank ..|Io 42 
Po. Cecirda Terraltr 13 
Laconia’s Shoals, 
—Hard Rocks...} 5 21 
—Two fath. Shoal] 5 +5 


Places. Latitude. 
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o0o0000 


ON|104 © 


ro) 
30 


co 


oO O-050=0..0 


12) 


59000000 
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Longitude. 


(@) 4 4 


122 9.0 


I2r 48 oO 
LAT +3 30 
Lar 50 
T20 32, 0 
121 56 0 


104 9 O 
ats, donde 


104 15. 0 
103 46 oO 


106 15 oO 
105 46 oO 
105 27.0 
106 13 0 
105,4§,.9 


10§ 36 45 
108 4 0 


108 19 © 


Tos 4o 
108 54 
107 4 
106 23 
106 57 
106 44 
107 36 


oo0o00goce0e°o 
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18 54 ON{rar 43 10E 
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256 TABLE XLII. 
LATITUDES axp LONGITUDRS. 


Places. Latitude.| Longitude. 


Places. Latitude. | Longitude. 
ean W- Lear eee Gist ow at, vane 
—Dry Sand.... 457 ONIr12 30 0 Pattle’s Island .../16 33 20 |1T1 36 o 
Sea Horse’s Reef.| 5 35 © [112 28 Oo Observation Bank|16 36 o {III 41 o 
Euphrates’ Shoals} § 38 o |rr3 24 0 Drummond’s I... .)16 29 10 |LII 43 37 
Kirton’s Shoal ...} 5 39 © [113 15 © Gov. Duncan’s I, .{16 28 40 [111 41 0 
Marino’s Shoals..| 5 54 0 [114 18 Oo Discovery Shoal, 
Louisa’s Breakers} 6 21 0 {113 18 0 —Westend....../16 Ir O |III 32 30 
Barton’s Shoal...{| 6 55 oO 11615 © f - —Eastend...... 16 16 oO |1II 46 30 
R.Charlotte’sRks.}| 6 56 0 [113 34 © Vuladore’s Shoal, 
Vipers Bank.....] 7 39 oO |115 7 © —West end......{r6 17 30 {III §8 30 
Walpole’s Rocks .; 7 50 o |r14 30 0 —Eastend...... 16 19 30 |LI12 4 45 
| Wipers Breakers .| 8 © o |r15 25 0 Passoo Keah’s I. .J16 2 0 |1tr 45 © | 

Pr. of Wales’Bank| 8 9 0 |rr10 30 © Triton’s Bank....|15 46 38 |11r Ir 30 
Sea Horse’s Break} 8 47. 0 [116 44 2 Bombay’s Shoal../16 0 o |112 26 o 
Royal Captain Sh.| 9 4 30 |116 41 O 
Gossard’s Reef...} 8 58 o |rtr0 40 0 Hainan Island, 

- Ganges Breakers.| 9 22 0 |r114 12. 0 —North part..... 20. 2° O° ITIQ/45 <6 
Marino’s Rocks . i 9 39 0 {114 58 © —South part..:../18 12 0 |109 10 0 
Investigator S.Sh.| 38 € o |rr4 40 © — 

N.E. Shoal] 9 6 o |rx6 3c 6 XIX. The Coast, and adjacent Islands, 
N.W.Shoal| 9 42 0 |113 ° from CANTON to CAPE NORTH. 
WestLondonShoal; 8 54 © |r12 0 © 
EastLondon Shoal| 8 51 o |r12 25 © CANTONE o.. See o 23.7 ON|113 16 OE 
Western Reef. ,../10 I5 o 113 41 0 Matko Gee... ss. Si 2%2 10 30 [113 32 Oo 
South Island..,... 10 45 O lr14 27 © Grand Ladrone ..|21 57 © |113 44 0o 
SN. W. Island ....j11 9 o {114 18 © Grand LemaW. pt.J22 2 0 |114 14 30 
|“ North Danger....11 26 0 |r14 22 0 , Pedra Branca....|22 19 30 |115 8 57 
= Bombay’s Shoal ..| 9 26 o Irx6 ns, 2 = Tohaotcheou oi: 23 35 o {116 26 o 
= Marino’s Bank...|10 18 0 |rrg 7 © {-SSinentcheou ..... 24 56 o |r118 40 © 
© R. Charlotte’s Sds.|10 47. 0 |114 29 0 | 2 Ouentcheoufou.../28 5 0 |120 35 o 
Marino’s White S.|10 48 o |rr1s 13. 0 | Cape Montague ../29 14 0 |12t 45 oO 
Low Black I.j1r I o {315 17. © | @Chusan Entrance.|29 42 0 |12t 54 © 
Sea Horse’s Bank |10 52 0 [117 53 0 & Ningpo siottins © = 0's 30113 Oey ere 
Falmouth’s LowI.|10 58 o /r12 12 0 Yang-tse-kiang-ho|32 5 © [120 37 0 
Bank .|tI 25 0 |1r4 15 0 NANKIN,...-.0-. 32 4 40 |118 47 4 
SabutJungs LowI.|II 32 0 {113 29 Oo Ent. to Yellow R.|34 3 0 {120 0 Oo 
| ——___Bank .|11 34 0 [113 51 0 Hoingan Foo..... 33 34 40 [118 49 30 
Gasper Shoals ...|11 36 0 |113 51 0 Stauntons Island .}36 47 0 [122 13 0 
Mirabello Shoal..|14 49 © |119 30 0 | Cape Gower..... 36 57 O [122 19 0 
Marsingola Shoal.|15 13 0 |119 16 o | .; Har. of Kisan-souj37 38 © [121 23 0O | 
Boliano Shoal....|16 28 30 |119 42 Io [,..8 Tontchoo-foo (Str. 
Scarboro’ Shoal, & . of Miatau)..... 37 50 oO |t35 36 © 
—N.E.end...--: "5 F&A 5FF™ AT OO Sa lou-poo-tien ..|38 55 © j118 43 oO 
—S. W.end.....J/15 4 © |117 47 Oo PEKIN........-139 54 13 |116 27 30 
MacclesfieldShoal C. Clonard .....-/36 5 © {130 0 Oo 
—N. E. side.....|15 2 0 {114 42 0 Sanpou,.......+-/37 44. © [129 13 0 
—S. W. side.....j15 28 oO |114 36 o | sKinghing........ 42 10.0 |f31 24 Oo 
St. Esprit’s Bank.|19 13 0 {112 52 0o © Ternai Bay .....- 45 13 O |137 29 0 
Pedra Branca..../22 19 30 |t15 8 57 | =Suffren Bay ...../47 51 © |139 45 0 
Pratas, N. E. sidej2o 51 0 |116 50 oO | NC. Lesseps......-|49 30 O |14I 30 oO 
—S. W. side..... 20 38 Oo |116 4o oO Castries Bay..... 5I 29 © j|I4I §9 © 
Vanjuas Point ...|/52 7 ©O |142 42 oO 

@NorthShoal,Wendj17 4 30 |11I 27 0 Ochotsk.....+-++/59 20 10 |143 12 30 

Be os «+ oo. ry :O 30" 10 32 36 Yamsk ....2.-...|60 46 © |154 30 O 

= Amphitrite,W.endj16 59 o {112 12 0 Bolcheretsk ...../52 54 30 |156 56 40 

Laveeees. engi... van 16 54 © |112 23 0 |.3C. Lopatka......|/5r 0 © |156 42 30 

3 Woody Island...3|16 50 o |112 19 Oo St. Peter&St.Paul |53 © 37 |158 44 30 

S Rocky Island ....116 52 0 |r12 20 © {&Nisjui Kamtchat- 

5 Juuk’s Baak ose iO hs | o IILa 39 49 ak& ticis se. ssc[Soae” O (ten eco 

& Lincoln island . {16 40 36 |112 42 0 East Cape.....-.|66 5 30 |169 44 © 

& Pyramid Rock ...|16 35 1§ |112 37 30 |. Cape North......|68 56 o |179 11 30 

5 Money’s Island ..j16 28 0 |111 29 30 

© Robert’s Island . .{16 31 50 ‘IIT 34 30 Formosal.SE.end!at 54 © ‘rar § 0 


TABLE XLII 


LATITUDES ano LONGITUDES. 


Longitude. 


Places. Latitude. 
gota tel Got! ae es 
'—Tayoan....... 22 35 ON|I20 32 
—North East end |25 11 0 {121 56 
Vele Rete Rock ./21 42 0 |I2I 3 
Bottel Tobago 
DIMAS. . US. oi, 21 §g oO |12r 48 
Kumi Island.,.../24 25 © {123 § 
Hoapinsu Island .]25 44 © {123 32 
Tiaou su Island..]25 55 © |123 47 
Taypingshau, 
—N.E.end..... 24 30 oO {125 6 
Parshongshan, 
—S.W.end..... 23 41 © |124 9 
Lekeyo I., N. endi27 52 oO {128 45 
—Napakian Hr. ..[26 0 oO [128 37 
Quelpert I..S. Pt.}33 14 0 [126 35 
Tsus I. 5 Meee of 
Corea)... 134 24 © 1130 0 
Dagelet Island . 137 25 Oo |E9h 22 
Pinacles Islands .|29 43 0 {132 5§ 
Tazaosima, 8. endj30 10 O {132 24. 
Gotto Is., S. end ./32 22 c |120 10 
Asses Ears ...... 32 8 Oo |129 46 
Kuisin 1., S. end .|3t 48 0 [132 35 
g—Kokura . : 33 48 oO |132 18 
S—Nangasaki . o++-(32 48 © 1130 12 
SS NiphonI. S.W.end|34 24 0 1/132 10 
‘e—C. Noto. 37 30 0 1137 54 
2 —Jootsi sima . 137 51 O {137 40 
§—C, Sangaar....|40 39 0 |140 46 
= —C. Nambu..... 39 50 O |142 30 
—Table Island ..}38 34 0 |142 0 
— C. Kennis..... 37 10..0 [141 30 
—White Point...}35 21 Oo |rgo0 46 
—JEDO ......... 36 29 © |140 O 
Fatsisio Island...|33 13 © |140 12 
JessolI.,C.Euroenj42 2 0 |143 18 
—Mariaberg 
(Can. du Pic)..144 49 © |146 40 
~—Pic de Langle 
ed eee Str.) .145 20 0 [142 2 
.C. Crillon wel ees 45 54 © (142 55 
.§ Monneron Island.|46 20 © |142 5 
SB. de Langle..../47 48 36 |142 17 
SB. @Estaing..... 48 59 38 |142 20 
Mongee Peak ...]49 20 © [143 14 
5 Martiniere Peak .J50 12 O [143 20 
E Boutin Point..../51 1 O !142 48 
2 Ere Kageap, 
|S North East Pt. |54 13. 0 |146 56 
~; C. Patience 148 21. O |147 0 
igs Aniwa.. ....(46 0 O [144 22 
StatenI.,S.W endj/44 26 147 28 
—C. Vries Ney 
Straits) . 149 43 
Company’s 1, 
—Cape Schouten {46 18 0 150 58 
—North end.....|46 28 151 20 


ceooo0ooe0o0o0o0o0oce0oa0qg0o0g0 


° 


r 3) 


South West Cape.|43 
Mew Stone...... 43 
South Cape...... 43 
{_- Pedra Blanca... ./43 
aS, 
= Tasman’s Head . 143 
J Frederick Henry 
Bae os de sep gas a 
: § Cape Pillar...... 43 
§ Oy ster Bay ..... 42 


Q Var. 6°. 48' E. 

= St. Patrick’s Head pe 

S Largest Swan I. 
Cape Portland. 
Port Dalrymple . : 
Hunter’s Isles.... 3 
King’s I. North pt./39 


Entr. to Banks’ 


Straits ..... sin e|40-3 


Furneaux Islands, 

—Southernmost, .|40 
—Northernmost ./39 
Kent’s Group....}39 
Entr Bass’s Strait} 39 


C. Albany Otway |38 
Western Port.entr}38 


Wilson’s Promon. [39° 


Ram Head ......|37 
Cape Howe ..... 37 
Cape Dromedary |36 

- Botany Bay,...-..}34 
s PortJackson ...../33 
tS ~ Broken Bay. entr.| 33 
> Port Stephens ...| 32 
~ = Cape Hawke ....| 32 
ww Smoaky Cape .../30° 
= Cape Byron 28 
>» Point Danger ...} 28 
Cape Morton .,..| 27 
Sandy Cape. ,....] 24 
Cape Capricorn. .| 23 
Keppel Bay..... 23 
Cape Townsend. ,| 22 
Cape Palmerston.| 21 


CapeHillsborough| 20 57 3. 


32 
4l 


oS 


15 


XX. The Coast of NEW HOLLAND, 
and adjacent Islands. 


Places. Latitude. | Longitude. 
ee i OR ed Pe aren 
Kurule Islands, 
—Marekan,N.end|47 10 ONI15s3. 6 OE 
--S. end (Bousole 
Sisaliaye: vax. ah 46 46 © |152 32 © 
Shoom Island....]50 48 o [156 37 9 
Beering’s Island ./55 36 oO {167 46 o 
Clerk's Island .../63 15 0 {199 40 © 
St. Lawrence’s I. }63 47. o {171 45 © 
Anderson’s Island|63 4 0 167 38 0 


gee 


146 6 of 
146 28 30 


146 49 
147 7 
147 27 


ww 


oacooo0g0oco0o”9o 


ooo°0o 


Lee) 


bv ti» 
Gv 


oCc000 000 
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68 | TABLE XLIL. 


LATITUDES ann LONGITUDES. 


SE ee 


| Places. Latitude. | Longitude. Places. Latitude. | Longitude. 

aS che oso ah. loa a eat | ‘ “a i a ge Be oe Oe “ ont” “ 
Cape Conway....)20 32. 05|148 54 OE} Pelew Islands, 
Cape Gloucester .l19 57 0 |148 25 © _—Bablethoup, E.p 7 41 ON](34 55 OE 
Cape Cleveland..J1g § ©. (147 § © ¢—Northernmost -| 8 8 30 |134 5c 0 
Cape Sandwich ..]18 19 © |146 29 0 |:8—-Southernmost..| 6 53 30 |134 21 0 
Cape Grafton....j16 53 o |146 10 0 = Matelotes, NE. Id: 8 34 30 |137 44 45 
Cape Flattery...)14 57. 0 [145 35 0 © Yap ..... seeeee] 9 35 30 ]138 8 0 
Cape York ....../10 39 30 |142 33. 0 | Philip Islands...18 6 © |140 3 9 
New Year's Island|ro 55 0 |133°4 0 Jun Vhirteen Islands .} 7 18 0 {144 21 0 
Vandieman’s Landitr 12 0 {129 54 © | & Haweis Island ...| 7 30 0 {146 28 o 
North West Cape|2r 50 30 [114 15 o {| SStrong’s Island...) 5 12 0 |162 58 o 

. Var. 4° 0' W. 1801 = Palmyra I.......] 5 49 9 |162 29 0 

= Dirk Hartog’sRa,, = Brown's Range ..|/11 30 0 |162 42 0 

= Entr. to Shark’s B25 20 0 a. Stal ~~ Piscadores se eeee II 15 © |367 20 20 

= Rottenest Island [31 58 0 ,II§ 24 30 f.= Muskitto Groupe | 7 30 © {168 8 o 
Cape Leawen,...134 20 0 [r15 6°o |“ Chatham Island..| 9 20 0 |171 20 © 

8 Pt. D'Entrecasteauj34 52 0 |116 Ir © Mulgrave’s Island} 5 54 © |172 39 0 

z K. George’s Suund|35 6 15. {118 0 45 Pitt’s Island.....] 2 54 © |174 30 oO 
Termination I... .|3. I 
Investigators Gro, 34 130/80" a eon St. Bartholomew.|15 10 0 |163 48 0 
—Flinders Islandi Wake's Island ...J19 0 0 {166 46 o 

S. W. Pt......133 48 30. 1134 24 15 Lamira, West Pt.}20 24 0 166 42) 0 
Port Lincoln ....134 48 25 |135 44 51 Gasper Rico &....|/15912 Ob. FT AB wo 
seve Spencer,.../35 18 © |136 53 0 bap s Rocks ...|17 V3 Oo 42 a oy’ 

ise Niktheinb. oi St. Pierew,:.0...8 11 fe) 

: E apOWat keued cal ab FALSE Barbados ....... 8'54. 0 |I78 ar oO Wf 

Necker Island ...]23 34 0 {164 32 © 

XXI. Islands, Rocks, and Shoals, in the} FreuchFrigateBk.l23 45 o |165 50 © 

NORTH PACIFIC OCEAN. 

Owlbyhee, 
Clerk’s Islands...!63 15 ON|t69 40 OW} =—Karakakoa Bayjrg 28 10 |155 56 23 
Gore’sI.C.Upright|60 22 0 |172 26 0 | = Mowee, W. end..|20 53 30 1156 38 30 
Bhering’sI., N.Pt.J55 36 0, |167 46 o EF} = Vahoorowa...... 20 38 o |156 36 30 
Copper I., S. Pt../54 24 © {169 © oO ~~ Ranai settee eee 20 46.30 j156 55 30 
Aleootskia L., -3 Morotoi...... 6 3 2P MOOR IEG7 17 O 

| —Westernmost...]52 46 © |170 42 0 |= Woahoo...... »+-[21 40 30 |158 I 30 
—Oonalaska ....153 54 29 [166 22 15W} § Attoo, WhymeaB.j21 57 © |159 39 30 
Rica de Plata ...]33 50 0 |160 39 OE|% Oneeheow......./21 45 © |160 10 0 
Rica de Oro...../29 54 9 {157 3 0 Birds Island..... 23.80 |16r 45 0 
Colunas.........|28 55 © |158 O oO 

{ St. Juan ......../27 30 0 {142 48 0 Christmas, or 

' Sulphur Island...]/24 48 0 |141 20 0 Noel Island ..... I 57 45 |'57 34 0 
North Island ....]25 14 © {I41 14 0 Shelvoes Island..j22 5 oO |112 32 0 
Grampus Islands.{25 10 0 |146 0 0o Socoro I., middle {18 48 oOo |110 IO oO 
Lobos Islands ...}24 50 0 |146 58 o Var. 7° Es. 

| I. de Sebastian St. Bertoxis.a.-+ i9 18 © {109 53 0 

Lobes........./25 24. 0 |156 30 0 Rocka Partida...]19 “4 30 |111 6 30 

Pat ATQines >... 6 .G128' 35 ,'.0, 1ST Ol Passion Rock ...|16 56 0 |109 5 O 

Ciiporton Rock..|10 27. 0 |10g9 18 O 
SO UrMicasi.') . 26. 12025: 0 ,HsgOurs  O Cocos Esland, 

| $AssumptionlIslandj1g 45 © {145 35 © —Chatham Bay..| 5 27.15 | 87 45 0 

S Hinian ..........]1§) 0. 0 1145) 55.30 

i Guam, Umatac B.|13 21 30 6|144 19 45 Culpepper’sIsland; 1 40 © | 91 55 © 

| « Wenman’s Island.| 1 22 30 | 91 44 0 
Johannes........ 6 55 © |132 30 0 | % Redondo Rock ..| 015 oO |. 91 34 © 
Lion’s Island ....] 5 16 0 |132 23. o |SAbington Island, 

St. Andrew’s Is...] 5 20 0 [132 16 oc |—Cape Ibetson..| 0 29 © | 90 43 40 

| Pulo Anna......| 4 38 30 |132 23 30 | € Vur. 8° 40’ E. 

: Pulo Mariere,,..} 4 19 30 [132 28 15 | #Albemarle Island, 

' Lord North’s I...1 3 3 0 |131 4.15 | 3——-Cape Berkley .|0 2 © | 91 31 30 
Dangerous Shoal - 2 47 o |134 § oO | S—-ChristophersPt.| o 50 0S} 91 25 © 
Freewill, or JamesI., Harbour] 0 12 © | 90 41 30 
St. David’s Is....] 0 55 © {134 21 30 Charles I., S. Pt. 1 30 0 | 90 33 © 


TABLE XLIL. 259 | 


LATITUDES anp LONGITUDES. 


2 $$ 
Blaces, Latitude. Longitude. Places, Latitude. | Longitude. ; 
ae Eh Ba ce. 6 OR ae a= no OL ge 


Duff’s Groupe, 
—Disappointinent ‘ 

Islande. 0. «4. o$j167 0 OF 
Egmont Island, a i 
—Cape Byron...j1c 43 0 ° 
Kennedy’s I... j11: 17, oO fe) 
Cherry Island .,.,11 3t © |169 39 © 

re) fe) 
° fe) 


Chatham Island, 

—North East Pt..] 0 45 oS} 89 g oW 
—Stephens Bay..| 0 53 0 | 89 37 0 
Var. 8° 10' E. 


! MXIT. Islands, Rocks, and Shoals, in the 
SOUTH PACIFIC OCEAN. Mitre Island ....]i1 46 
Pandora’s Reef ..J12 8 


New Guinea, 


—C.of Good Hope] o 20 0S}132 31 OFf Sir J. Banks’ Is. .]13 27 0 [167 24 © 
—Cape Walsh ...| 8 26 o [137 28 o Cape Cumberland}14 39 30 4166 47 0 
—Cape Rodney..|19 3 30 |147 48 o Bay St. Philip and 
—K. William’s C.| 6 12 0 {147 53 0 St. Fames 8 sit f$. JO... 0.41407 a5 850 
Torres, or Cape Quiros..... 14.56 8 1167 20 © 
EndeavourStraits, Lepers Island ...115 23 30 |167 58 15 
—Deliverance I..| 9 37 9 |149 0 Oo Maskelyne’s I....]16 32 © 4167 59 15 
_ Booby Island..j/10 36 30 |141 56 0 Mallicolo, 
—Mourray’sIsland} 9 51 © \f44 2 0 —Port Sandwich |16 25 20 |167 54 0 
Louisiade Isles, Cape Lisburn....115 40 45 |166 57 © 
—C. Deliverance {11 52 0 |153 32 0 St. Bartholomew .J15 42 © $167 17 30 
Stephens Island..| 9 16 0 |137 48 o @ gAurora .........! t¢ 8 o |168 17 0 
Durours Island...) 1 17 © {143 30 o {-S Table Island ....J15 38 0 |167 7, 0 
Mattys Island ...J 1 42 0 |143. 7 © JS Whitsuntide [....]15 44 20 |168 20 15 
Boudeuse ....... 130 0 {145 2 0 JRAmbrym island..J16 g 30 |168 12 30 
Admiralty Island, & Paco 24's as 24 16 30 o |168 28 45 
—Westend .....) 211 © |147 30 0 [aApee........... 16 46 15 1168 27 30 
Sydney Shoal....} 3 20 0 1146 50 0 Sheppard’s Islandj16 58 o 168 42 0 
Portland Isles ...] 2 29 © |148 32 0 Monument ...... 17 14 15 |168 38 15 
Matthias Island..|] 1 4 9° |148 3.0 Hinchinbroke [, .]17 25 0 |168 38 o 
Squally Island...] 1 22 o |149 36 o Sandwich Island .j17 41 oO |168 33 0 
New Ireland, Erromango, 
—Cape St.George] 4 54 © {152 59 9 —Traitors Head .Ji8 43 30 |169 20 30 
—Carteret’s Harb.| 4 48 o |152 46 o Tanna, 
New Hanover, —Port Resolutionirg 32 25 |169 41 o 
i}. —West end .....| 225 © j149 6 Oo ETrOWARN Ce ae ales 19 39 O {17015 oO 
Sandwich Island .} 2 59 30 |t49 45 0 Enatuitl... sje. sis 20 19°), 0). [F7O20g ae 
| New Britain, » Walpole’s Island .22 39 0 {169 16 0 
—Cape Palliser..} 4.18 o |152 10 0 | 
| —Cape Orford ..| 5 40 © |152 21 © | Bampton Shoal, 
—Port Montague] 612 0 |I51 2 © { —Norihend..... 18 54 0 
{ Cape Ann..... O27 0} 114939060 Bellona Shoals...J1g 7 0 
Anson's I., N. Pt.| 5 6 © {154 32 c Booby Shoal ....]19 0 0 
| Bouganville Strait} 7 o oO {I55 50 o 
, BridgewaterShoal| 8 54 0 {156 49 © Balleabea Island .J20 7 0 
; Pudyona ..ceeee. 20 18 oO 
Cape Satisfaction! 8 6 0 |156 30 oO 4 eCape Coluet.....J20 30 0 
Cape Deception. | 8 30 0 {156 56 o § = Cape Coronation .j22 5 0 
Cape Nepean....] 8 51 © |157 32. 0 | © Queen Charlotte’s 
« Cape Marsh..... 9 7 0 |I58 26 o f'S_ Foreland...-..j22 15 0 
Cape Henslow...| 9 58 oO |160 7 o }~@ Islerof Pines..... 22 42 0 
Cape Philip ..... Io 25 0 |I60 44 © } 5% Botany Island ...]22 26 go 
S Cape Sidney ....Ji0 52 0 {161 32° 0 {© Pr.of Wales’ Fore- 
= Cape Surville..../11 0 © |162 18 oO Pot Seay ee 2 22.2508 
| = Bellona Island...{1r 6 © |I59 37 0 Loyalty Islands..j20 54 o 
1S Bellona Shoal....}12 5 oO |Isg 48-0 [_— 
| Port Praslin..... 7.30, O° Uagear Ray’s Island..... 25 0 QO. 
Gower Island....} 8 1 oO /159.53 © Sir C. Middieton’s 
| Stewards Island..] 8 24. 0 |!63 0 0 Island ........ 28.12 0 
i.dHowe’sGroupe} 5 24 © |159 37 0 Middleton’sShoalsj29 18 0 
Lord Howe’s I. /|31 30 0 
Shank’s Island...] 0 28 0 1163 0 o 


- Norfolk Island ..j29 y¥ 45 


TABLE XLU. 


LATITUDES anp LONGITUDES. 


Savage Island ,.. 


Places. ‘| Latitude. | Longitude. Places. Latitude. | Longitude, 
Gr Seer a a ane ate Dy ee meer be ere © i/o 
_ > - 
North Cape ...../34 27. 08/173 4 OFF . Toofoa. ..... e--/19 51 08)175 6 OW 
Cape Bren...... 33 10 0 |I75 0 © = Hapae, North Pt.|19 48 © [174 5 © 
Cape Colville..../36 24 45 |175 48 50 $ Annamooka, or 
Mercury Bay....|36 48 0 1176 6 20 “S Rotterdam Island {20 15 20 1174 45 © 
Cape East.. 37 44 25 |'178 58 o | =Tongataboo, or 
Tolaga Bay .....{38 22 © {178 35 54 { © Amsterdam island|az 8 36 1175 1 50 
Table Cape .....139 6 40 |178 2 20 = Eoaa Be iy hs ¥ke 2124 0 {174 30 © 
Cape Kidnappers |39 42 45 |177 16 0 Pylstaart’s Island.j22 23 30 4175 49 30 
Cape Turnagain ./40 32 30 {176 49 0 —H- ; 
Banks’ I., E. end./43 43. 0 1173 3.55 Palmerston Islandi18 0 3c 1163 12 0 
_; Cape Saunders... 145 37.45 [170 16 c Whylootack ..... 18 58 o I15g 48 o 
= Molineaux Harbor 46 8 o {169 41 0 | Harvey’s Island..\19 17. 0 |158 56 20 
"3 The Snares...... 48 3 0 |166 20 o Watcoo Island...]20 1 30 |158 14 30 
S Cape Soain 35 47 16 50 |167 20 9g Mangeea Island..]21 56 45 |158 3 © 
2 South West Bay .|46 30 o {167 25 o — 
> Solander’s Island.|46 28 0 |166 33 0 Scilly Island..... 16 30 O ji5§ 10 Oo 
West Cape .;..%) 45 5615 |166 615 Lord Howe’s I...|16 46 30 [154 6 40 
Dusky Bay...... 45 45 36 jt66 15 54 Marua Island....|16 25 40 |152 32 40 
Open Bay......+ 43 51 Oo 68 43 © Bolabola Island. .}16 32 30 |1§r 52 0 
Cape Foulweather|41 58 o |171 30 o J] Ulietea ......... 16 45 35 |I§I 31 oO 
Cape Farewell.../40 40 0 |173 18 o | § Huaheine, 
Queen Charlotte’s = —Owharre Bay..|16 42 45 |151 ° 
Sound: $<)... 4t § $7 |174 40 0 Sir C. Sanders L.|t7 25 0 {150 38 fe) 
Cape Campbell ../41 34 0 |174 56 o fs Emao........... 17 30 0 {150 IO O 
Cape Paliser ....]41 24.0 |175 4r o | 3 Tethuroa........ 7 I -o {149 36 c 
~ Cape Egmont..../39 23 20 |174 12 30 4% Otaheite, 
Gaunet Island ...]38 5 oO {175 5 oO —Point Venus,...|17 29 17 149 35 45 
ie —Otooareite ..../17 55 © |149 12 0 
Auckland's Groupiso 30 -o [166 25 © Osnaburg, or 
Bounty Isles..... 47 35 0 {179 6 0 Miatedea. oe. 17 52 20 |148 6 oO 
Chatham Island, = : 
—Cape Young...143 48 o |176 58 oWj Pr. of Wales’s I, 
Macauley Island ./36 8 0. |179 0 0 —North Point...]rq 58 0 147 50 0 
Sunday Island...]29 12 o {178 13 0 Recreation Island 15 58 O [148 48 © 
Vasques......... 25 40 © {174 56 0 Palliser’s Island..|15 38 15 |146 30 15 
—. ; Chain Island ..../17 25 30 j145 30 0 
Rotumah Island. .j12 30 0 {177 0 OF] Gloucester Island 20 31 O {145 54 0 
Solitary Island...J10 40° 0 j176 0 oOWJ Ohetiroa........ 22 26 36 {150 48 45 
D. of Clarence’sI.] 9 11 © |I7I 30 oO Toobouai ....... 23 25 O |I49 20 30 | 
D. of York’s I. ..] 8 29 0 |172 22 0 High Island ...../23 42 0 |148 3 0 | 
Quiros Island....J10 40 o |I169 54 oO Byron’s Islands, 
Jesus Island..... 646 0 [166 0 o —Taoukaa Island|14 30 30 {145 9 30 
St. Bernard’s I...{10 51 © |167 10 o Disappointment 
Wallis’s Island...]13 30 0 |176 5 oO Islands ....... 14 7 O JI4l 22 © 
Forlorn Hope ...j14 16 0 {176 56 o Adventure Island |17 10 0 |144 30 © 
' = Proby Island....j16 © © |175 50 oO Furneaux Island ./17 11 0 {143 6 40 
| = Keppel’s Island . MISS 3 OP 1250 Resolution Island |17 23 30 |141 45 © 
|| S Boscawen’s Island 15 50 0 {174 7 40 Js 
[j= Navigator's Is., y Bird Island...... 2 49 O {142 43 24 
=—Oponn, FE, Pr. 14 9 Io |169 1 50 = Bow Island ..... 17 © |r40 43 0 
|| =—Leone, S. Pt...J14 7 53 [169 16 22 3 Pr, Hedirifa Bilal tg Oo O II4I 22 0 
‘<—Tanfoue, E. Pt.jrqg 5 23 [109 18 27 |& Cumberland 1.. “Ig 18 © |140 §2 © 
—Maouna, ‘e Gloucester island 19 II O |f40 20 0 
—Massacre Cove |14 20 45 |170 16 50 | §Q. Charlotte’s I. .j19 18 © {138 20 0. 
—Oyolava, E.Pt.j14 2 40 |171 7 15 py easy I..4.]19 26-0» |138° 92 0 
Calinasse, N. Pt..}13 45 9 |I7I 51 33 Bape Island...i18 48 © |138 33 0 
—Pola, N. E. Pt.j13 27 33 |171 56 43 
Amargura.......{18 O 0 74 35 0 asaiilig Island .122 8 1140 37 0 
Vavaoa, Blight Lagoon I..|a1 43. @ 140 30 0 
—Port Refuge... 18 50 0 |I74 0 O Carysfoot Island .j2r © 0 '138 26 o 
Lati Island......68 54 0 Lord Hood’s I. ..!21 42 0 135 32 0 
Porpoise Shoal (22 38 [135 35 36 


Oa s 
Gambiev’s Island.}23 12 
Crescent .....+../23 22 
Pitcairn’s Island .J25 4 
St. Juan ue 25 57 
Opato.. [27 36 
Robert’s Island. | 8 3 
Nooaheevah.....| 8 57 
Rooahoogah ....) 9 0 

¢ Hood’s Island ...} 9 26 

= Rooapooh....... 9 30 

5.Var. 4°? 24" 

83 Ohevahoa....... 


= St. Christiana, 
—Resolution Bay 

Onateaya....... 

Magdalena ...... 


Penrhyn’s Island .| 9 
Ducie’s Island .. 
Faster Island... 


—< 


* 
= ov —_——— = 


Latitude. 


XXITI. The WEST COAST of 
AMERICA. 


Longitude. 


Care Horn..... 58 308] 67 21 14W 
“ . Diego Ramirez I.}56 28 0 | 68 40 0 
& Var. 21° 56’ E. 
St. Ildefonzo Is.. 58s OCR TOgr fo. 4 0 
|. Christmas Sound.|55 25 oO | 69 50° © 
= Gilbert's Island . 13 0 | 70 56 45 
= Cape Desolation .|54.55 oO | 71 42 0 
5 Cape bo Se ee 30 30 | 73 1§ @ 
™ Cape Gloucester . 7 ED 2a: 510 
Cape Pilar ...... 45 9° | 74 54.9 
Cape, Victory..../52 23 0 | 74 56 0 
Madre de Dios, 
—C. Santiago... 4 0 ° oO 
Var. 22° 30' E. : ies 
Cape Corzo .....149 26 © | 75 46 0 
Cape Tres Montes|46 59 © | 75 27 © 
Cape Taytan ..../45 st © | 75 28 o 
Chiloe, Castro .. Ar 0 | 34. 3) 30 
—Pt. Quilan ..../43 41 © || 74 19 3¢ 
—St. Carlos..... 53 (8 £95 50:0 
3 Var. 18° EB. 
7S Quidal Point . sO) Paes sO 
~ Waldivia ....... ‘ 139 §I- oO | 73 26 30 
, Mocha Island... .}38 22 30 | 73 59 0 
|» Sta. Maria Isiands}37 I O | 73 35 45 
= Conception...... 36.42 21 | 730 0 
~ Santiago BEN eins 33 30 9 | 70 56 0 
6 


; 


TABLE XLII. 
LATITUDES anp LONGITUDES. 


Ln 

Lan! 

Lael 
ac000Go0 MQqodo00 & 


Coquimbo....../29 
Choros Point. .!28 
Copiapo ........ a7 
Blanca Island ...)24 
Morro Moreno...\2 
Solitary Island...}22 
I. de Iquiqua....Jac 
FOES icecialy vigews  |18 
- Var. 10° 30 E. 
E TOs Cale * vest as 17 
& Port Caballos. oo /15 


‘> Pisco 


foes neseoces I 
z by 2 ee ee o 
= Callao Castle.... i 
St. Martin’s [.. 
PE TOXAMO est. 5.5 +03 | 3 
Lobos de Mer ...) 6 
Lobos de Tierre .} 6 
Punta de Auxa..| 5 
Praline tele, «+, «os 5 
Cape Blanco ....] 4 
Picos Point .....] 3 
Guayaguil....... 2 
Pt. St. Helena. 2 
.Cape de Lorenzo. I 
S = Cape Passado. O 
TLC as sis ° 
YC. St. Francisco. .} 6 
Esmeraldas...... O 
Tumaco Island ..| x 
Cape Corentes...| 5 
PANAMA........ 8 
Point Mala... .. ” 
Cape Marietta, 4 
~ Malpelo Island , i 3 
Ps = Quibo Island, 
BU. E. Cape Sy Oe 
P Point Burcia . 8 
> Cape Blanco..... 9 
_ Pt. St. Catherine.|ro 
SPeott (0.03: iI 
§ Point Gatimala . .|13 
fe Puerto Ventosa. .|16 
S Agualco ........ 16 
Acapulco ....... 16 
Cape Correntes ..|20 
St. Blas......+2. 21 
Tres Marias..... a1 
St. Joseph...... |23 
Cape St. Lucar ..|22 
Morro Hermoza. .|27 
Redonda Island. .|29 


Bay St. Francisco|30 
<s B. Todos Santos .|31 
= Port Diego...... 32 
3 Point ‘Conception |34 
~ Monterry 6 
= Port St. Francisco|37 
z Cape Mendocino. e 
Port Trinidad . 
Var, 16° o' E. 


Li 


‘ iy (@) ‘ a“ 
54 26S] 71 19 OW 
so OF i 40 9 
TO tert of. 8 
5/1  Guadh7Ox 35. ..9 
Ig O | 70 27 0 
5o. OF 4 Maer 29 
iq 0. || 30.73) 2 
26 38 | 70 16 oO 
36 15 lode 9 45 
5. O | Tomaseate ce 
4590 | 723/09 
3.15 | 76 56 45 
3 38 177 419 
6 0 77-3) 
Ao Lite. Sie 
56 © | 80 49 O 
28 o | && 48 O 
Rous O° Lute ke de 
~ OO | a0" 59 © 
15 o |8t 9 0 
39 O | 80 32 0 
II 30 79, 41 15 
Io Oo | $0.47 -S 
4 © | 80 43 0 
a7°-0 | 8 TQ T5 
13-17 | 96) 23030 
4o oN) 79 53 0 
54 0 | 79 24 9 
46 9 | 78 38 30 
34.0 1-77 16.0 
57 3° |.79 18 30 
23 0 | 79 $1 -¢ 
14 0 80 37 O 
59 o | 80 If 3° 
ar o | 8r 28 o 
3 0 ') -Bthirsco 
13 0 | 85 2 0 
24 0 | 86 ar o., 
so go | 87 9 0 
54 9 | 99 53 0° 
6 BNP OS FH 
2 0 19652 0 
SEO. POP 54 ae 
32 0 |I05 35 oO 
30 0 {104 46 oO 
28 o {106 29. 0 
3 42 |109 42 30 
44 9 j109 §4 0 
46 o |114 41 0 
49 © HII§ I0 oO 
23 0 |II§ 36 0 
56 o {116 22 © 
42 30 {116 §3 15 
3% Ol E2On MWS P 
36 20 |I21 34 15 
48 30 }122 7 30 
19 O |124 7 0 
3 9 3123 §4 0 
| 


Latitude. 


Longitude. 


ee 


262 aa TABLE XLII. 
LATITUDES ann LONGITUDES. 


Places. Latitude. | Longitude. Places. Latitude. | Longitude, 


= 


Cape Blanco, or Pr. William’s Sd., 
Ortord:.. Ais —C. Hinchinbroke 60 16 30N cut 26 OW 
. Cape Gregory .. — Port Chalmers. 60 16 


Cape Perpetua .. 


Cape Foulweather|44 4y 


Cape Lookout... 


C. Disappointment 46 19 


Var. 20° o' E, 

Gray’s Harbour.. 
Point Grenville .. 
Cape Flattery ... 


— Nootka Sounds... 
“Woody Point.... 
= Cape SCOU sicpials» 
5 Scott’s, orSartine’s 
= Islands 


As | S Point Chatham .. 


Cape Caution.... 
Cape Swaine .... 


ft Gape nce % 
f| Cape de Muzon.. 
.C. St. James, or 
Bap ipsa FOCtOr s.. 2... 0's 
“|| S Cape Henry 
1.8 Point Buck . 
3 § Point Hunter , thy 
o: 5.Langara, or 
- North Island . 
aie S Point Imbisibie . 
Forresters; or 
St. Carlos Island, 
—North Pt...... 
Point Bucarelli ..155 
Cape Addington .}55 


Cape Decision... 
Hazy Islands .... 155 
Cape Ommaney. 156 
Norfolk Sound, 

=—C. Edgecumbe. 
Cape Cross... 

Var. 30° o! BE. 

Cape Spencer ... 58 
Cape Fairweather|58 
Port des Francois|58 
Beeringhs Baye. .|59 
Admiralty Bay, 


Var. 28° 30' E, 
—C. Puget 
Middleton’s, or 
Rose Island 
Chiswell’s Islands, 
—South Point .. 
Cape Elizabeth .. 
.: Port Chatham Sule 


2 3 Var. 24° o! E. 


& Anchor Point ... 

Fast Foreland. 

= West Foreland.. A 

<> Point Campbell.. 
Point Harriott... 
Cape Douglas ... 


Point Banks,.,.. 

“3 $I. St. Hermogenes 
= Cape Grenville .. 

i = Cape Barnabas .. 
Cape Trinity . 
Trinity Islands .. 
Tscherikow Is... 
Schoomagen [., 
—-North West Pt.} 
Halibut Islands, 
—S. E. Pt....... 
Oonalaska 
Bristol R. entr... 
Round Island.. 

3 Cape Newnham. . 

"= Shoalness .. ‘ 

= = Cape Stephens... 

. Cape Denbigh.. 

Cape Rodney.. 

= = Cape Pr. of Wales 65 

S Cape Mulgrave .. 

a Cape Lisburne.. 
Icy Cafe cc. cases 


50: 0: 0_O°oO 


» 


eo00000S oO 


Lan 


OocCo0og 0 0Ow”do 


XXIV. The EAST COAST of AMERICA, 


from Cape Horn to Cape Florida. 


Cape Horn ....{55 58 30 S| 67 ar 14W 


Staten Island, 


&-—-Cape. St. John. 54 47 10 


S Var. 22° E. 
& Le Maire’s Straits, 


s—C, Good Success 55. 


13 


63 42 30 


65 17 30 


—Point Phipps .}59 33 Ons 
Point Riou....,./59 54. 0 
Mt. St. Elias »++«|00 22 30 


4) Cape Suckling .. ./6 
~4| Cape Hammond, .|5 


° 
~ Cape Sta. Ines.../54 8 oO | 66 57 45 
= Cape St. Sebastian 53 27.0 | 67°59 oO 
& Str. of Magellan, 
—Q. Catherine’s 
Foreland ......|52 41 © | 68 2§ 30 


TABLE XLII. 
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Places. 


—Cape Virginis... 


Latitude. 


—Cape Froward ../53 53 20 

Cape Fairweather ./51 33 0 
Sta. Cruz, Harb. ..!50 17 30 
8 Port St. Julian..:.|49 7 © 
Port Desire.....--{47 45 0 
= Cape Blanco......147 17. © 
& Var. 21° 54 E, 

St. George’s Bay, 

—Port Cordova .../45 45 0 

Port St. Elena Obs.|44 29 45 

Port St. Antonio ../40 54 oO 

Cape Corrientes ...|38 oO 0 

River Plate, 

—C. St. Antonio ../36 20 0 

Var. 149 10 E. 

>—Buenos Ayres..|34 36 40 

=,—Colonia del Sa- 

= cramento......./34. 28 o 

f —Montevedio...../34 54 48 
Maldonado Harb., 
—Gorriti Island...|34 56 19 
Cape St. Maria....|34 49 0 
Rio Grande de San 

PO0TG. sss + esas Ba/TO." 0 
Morros de 8S. Maria|28 55 c 
St. Catherine’s L., 

'—North Point.....|27 19 Io 
—South Point..... 2749 0 
Paranagua Harbor |25 31 30 
Santos, entr. to..../24 4 0 
St. Sebastian’s I., 

rs —Armasao ...-... 23 44 30 

S Grand Island..... 2318 oO 

gc Rio JANEIRO.++... 2%.54 10 
Cape Frio ....+.++|23 I 0 
Var. 5° 40! E. 
Cape St. Thomas ..|22 0 Oo 
Espiritu Santo ...+|20 15 oO 
Abrolhos Islands .-|17 58 0 
Porto Seguro...,.> 16 40 0 
Bahia,C.St.Antonio|I2 59 0 
R. St Francisco...j10 57 oO 
Cape St. Augustine | 3 23. 0 
Pernambuco......| 8 3 © 
Olindes; csheie<-| 9 9 0 
Cape Ledo..,....] 6 50 © 
Cape St. Roque...| 5 10 0O 
BOATS wes cvececteu 4.50, O 
BtGAHBE ss se siat alo O 
St. Louis de Maran- ‘ 

DA ca0 'scs cues 2.290 
River Para, entr. oat & 20 0 
Riv. Amazon, entr.| I 25 0 

- Cape North.-..... BSF 50 

gR. Cassipour...... 354 0 

& Cape Orange......| 4 8 © 

= Oyapok River, 


5 


—St. Louis .......] 3 57. 0 
CAYENNE secs esic ce 4 56 15 
R. Maroni, Port...| 5 ° 


44 


Longitude. 


ta 
Cou 
(ome) 


o0o0°0 


oo0o°0 


O=0--0''O- 07 0; 0-0-6200" OO 


YO O.0 O20.0 


LATITUDES anp LONGITUDES. 


Places. |... 


Paramaribo......+.| 5 
R. Berbice, entr....| 6 
Fort Nassau ......] § 
R. Demerari, 

—Corrobano Pt....| 6 
R. Essequebo, entr.| 7 
Cape Nassau...... 7 
Cape Barma ....¢.| 8 
R. Oronoko, entr...| 8 


TestigosIslands...|11 
Blanca, N. Point, .{11 
Var. 39 60° E. 

- Margarita, 
 t—Galera Point... 
= Tortuga, E. end . 

S Orchilla, E. end.. 
> Roca, N. E. Pt. 

= = Aves, E. Island . 

5 Buen Ayre.N. Point i 
~ Curacao, N. Point. 
—Amsterdam, Hr.. F 2 
Var.2° 25 E. 

Oruba, E.end ....|12 


{If 
.|1O 


Cape Three Points, |10 
Cumana i... cscs 
Cape Coadera..... 
Guayra....- Esey ees 
Caracas sii. as.. Py 
3 Porto Cabello..... 

-= Cape Roman 2 5.3% 

= § Maracaybo wes ehe 

= = Monks Islands . 

5 Cape de la Vela . ‘ ‘ira 
Sta. Marta......-s{II 
CARTHAGENA....../IO 
G. of Darien, entr..| 8 
PorTo BELLO ...++| 9 
Blewfields R., entr.|11 
Great Corn Island, 
—North end ......}12 
Little Corn Island .|12 
St. Andrew’s J.....|12 
C. Gracios a Dios.. 
Black R., entr..... 
Cape Cameron.... 
Cape Delgado..... 
Truxillo... cesses. 

«Swan Islands ..... 

= Bonacio Island, 

=—North East Pt. ..|16 
= Rattan I., E. Pt. ..|16 

Z Utilo, E. Point... .|16 

>Glover’s Reef, 

=>—North Point.....|16 

4 —South Point...../16 
N., Triangles, 

—North Point.....j19 
—South Point.....{18 


Surinam, Brams Pt. Bf 


Latitude. 


Longitude. 


ON|s55 15 50" 
43°35" tao 5 
29) [39a 
54.9 {57 15 0 
48° 0 |58 & 37 
O. OAS: TE #0 
34 © 158 54 0 
40 0 |60 14 o 
46 o |60 18 0 
23 1§ |63 10 30 
54 30 |64 42 0 
6 30 |64 4 30 
54 45 |65 16 30 
I 49 45 |66 9g 15 
I 58 30 |66 42 20 
1 57 30 |67 30 30 
Ig 15 |68 30° 0 
224 0 |69 16.20 
615 |69 © 45 
23 45 |69 59 30 
45 15 62 45 50 
27 45 |64 46 30 
35 54 |66 11 30 
36 40° |67 ¥ 30 
30.0 |67 O55 
29 50 |68 7 35 
11 07 170 8 30 
39 9 |7T 44° 0. 
39 0 |70 §8 O° 
It O° }7avEs as. 
15 2% |74 17 30 
25 19 175 37 15 
3370 Fee 
34 39 {79 43 15 
58 oO 18255 0 
13-10% 62 IOS 

» 18. OF 182-630 
ar 0 180! Soro 
56 30 |82 45 Oo 
58 o |84 58 © 
2 0. |[8§ 10-0 
ro |86't0-0 
5T OW (86° 6 10 
22 0 |83 56 0. 
31 0 {85 47 o> 
26 @ 186 20 o 
Se 187 2: 0 
49 0 |87 36 ‘0 
28 90 |87 52 0 
I oO 487 43 0 
29 0 |87 42 0 


264 


TABLE XLII. 


LATIFUDES anv LONGITUDES. 


a _ 
cn tL 


Places, Latitude. | Longitude. 


Cozumel Island, 


—Svouth Point...., 20 1 ON/87 2 oW 
Punta Brava. ..... 21 © o {86 44 Oo 
MugeresI......... 21 7 © |86 42 0 
C. Catouche....... at 33 0-186 57 30 
Point Palmar ..... 20 §8 o jgo 18 oO 
Campeche ........ Ig 5 0 |go 28 15 
VERA CRUZ ....-.-|19 11 £2 [96 8 45 
MEXICO ........ 19 25 50 |99 § 15 
Cape Roxa...-«.../21 35 o |97 18 oO 
3 River Bravo, entr. .|25 re) 28°40 
‘= St. Louis Island, ? ye 
i| > —East end.. 29. 1B) 0.965 0 
R. Mississipi, entr., 29-5 (© 489. 3'.0 
is New Orleans, see* 129 57 45 [90 8 45 
Mobile Point..».../30 10 0 |&8 o o 
Pensacola ........ 30,25600° 187ago9io 
Cape St. Blas..... 29/48 \O + |G oO 
Bay of Apalache ..)30 o o /84 45 0 
= Spiritu Santo, Hr. .j27 38 o 183. 2c o 
= Carlos BRAY D fn) ks 3 26 29 0 |83 33.0 
S Point Larga ...... 25 98d0''0, \Garhg. @ 
Dry Tortugas ..... 24.3% JOCUuRRS CO -O 
ty Var. 6° 15’ EB. 
Cape Sable .... 25 Oo |81 Ig 90 
45 47 308480 “5 50 


Cape Florida...... 


XXV. The WEST-INDIA ISLANDS. 


| 


Bermudas, 
—St. George Town }32 22 ON|64 33. oW 
—Wreck Hill, or , 
a. West end... 3.2 32 15 20 (64 50 0 
 =tS, W. Reef ..... 32 9 0 [6457 © 
; Northern Rock ..|32 33 30 |64 37. 0 
Matanilla Reef, 
<3 — North CT fos sits BP Ba OE ID QO 
| & Memory Rock.....}26 55 0 |79 2 0 
2 Great B ahama, 
=—Westend....... 26 41 0 179 2 0 
S—Eastend ....... 26 28 © 177 50 o 
= Hole in the Rock..}25 50 0 |77.-7 30 
= North East Point,.j26 17 0 |76 56 0 
= Abaco Key 8S. Pt. -/26 25 0 |76 54 0 
3 Elbow Key S. Pt .J26 35 0 (76 55 © 
~ Seal Key ie eee 99, TOs Wa 16 °O 
Berry Isles, 
—Stirrup Key..... 2547 48 17752 oO 
—Frozen Keys;... 25, 30° © .177-38 0 
Salt Key Bank, - 
— Water Key ..... 24. 0. "0, 18-0. 0 
——Salt Key v0.0. 60. 23 41 © {80:9 ‘0 
——Anguilla.e...0../23 29 © |79 13 0 
Great Isaac....... 26 215-179 9:30 
Little Isaac,.... -(25 §7° 0 +178 49 oO 
Bemini Islands... 4./25 40 © |49 16 0 


’ 
— ee 


mere we 


Places. Latitude. |Longitude, 
"CO. oe ae oh oe 
Ginger, or 
Dutch Key .......]22 47. ONI77 58 OW 
Lobos Key..... 0+ .f22 24 © 177 28 O 
Diamond Point..../22 10 © |77 32 0 
Orange Key ...,. 124 54 0 [79 Foo 
Beak’s Key ......|25. 23 © (79 11 0 
~2 New Providence, 
= —Nassau...... 236125 § 20 177 I9 0 
—West end......./25 @ © 177 37 © 
= —East end......./25 1 © 177 13 0 
ws Egg Island ....+..125 31 0 (7653 © 
> Harbour Island, 
North Pt........ 25 30 O 176 37 0 
= Eleuthera Island, 
& —Powell’s Point . 2437 0 176 g9 o 
Exuma Island, 
—North West Pt. . 23 39 O 175 45 O 
Yuma, or Long [£., 
—North West Pt. ./23 32 9 I75 37 o 
—South East Pt. ../22 52 © 174 50 © 
Key Verde ....... 2% 2 O M5 4.6 
Leeward Stocking 
Island 2.220.) 2352 0 175 50 0 
Cat Island, N. Pt../24 37° O° |75 36 o 
—Sotith Point..... 2357 0 5 17 © 
Little Island...... 24 26.0 75 50 © 
Watling’s Island, 
—North East Pt. 8 Oo |74-319 © 
—S. W. Point..... Gf 56 30 174 30 © 
Rum Island....... 23 39. O° 174 4520 
Var. 6° E, 
Atwood’s Key, 
—West Point..... 23 9 10 |73 47 40 
—East Point...... 23 10 O |73°37 0 
Crooked Island, 
—West Point...../22 48 50 74 19 0 
——East Point...... ‘2243 0 43 Ri fo) 
_Acklin’s Key, 
4 —Castle Island . “2 " 30 W419 © 
= § Long Key, 
South West Pt.../22 28 o |74 18 o 
» Mira por vos Keys. iG 8 © 1/74 33.40 
Flat Keys, 
2—West tind ya's 8 22.42 30 |73 33 © 
& Mogane Island, . 
—North West i’t.. 2 30 40 |73 8 0 
—South West Pt.. 21 40 |73 1r © 
—East Reef. Nd 20 O |72 43 30° 
Hogsties, W. Pt. 2I 40 40..173 54 oO 
Little Heneaga, _ 
—East Point...... 21 2 O |72 55 20 
—West Point ..... 2129 0 173 @ o 
Great Heneaga, 
—North Fast Pt,../21 23 O° 173 1 © 
—North West Pt. .j21 9 9 {7340 30 
—South West Pt...|20 56 oO |73 40 © 
Gt. Caycos, S. Pt..j2r 34 0 |7I 27 9° 
Shoal-off C. Comet.}2i 47 15 |71 20 0 


i 
- 
—————— a 


Places. 


_ Booby Rocks, off 
2 North Caycos... 


& Providence Caycos, Swan Islands..... 17 22 0 
=—North West Pt. .J21 50 © (72 21 30 Pedro Shoals, 
« Little Caycos, —Rattle Snake .../17 24 0 
S—South West Pt. .j2r 36 15 |72 26 o —Portland Rock..|17 14 0 
¢ Sandy Key....... 18 Morant Keys, 
South Keys ...... —North East Key |17 26 o 
—South West Key |17 43 45 
Turks Islands, Formigas Shoal, 
—Grand Turk.... —North East Pt...|18 34 30 
—Salt Key....... —South East Pt. ..|18 28 30 
—Sand Key...... j South West Pt...j18 28 o 
—Endymions Rks. j. Navassa .........|18 23 30 


Sq. Handkerchief, 


_APABLE XLIL 
LATITUDES anp LONGITUDES. 


57 30N|72 4 45 


—North East Pt...J19 18 
Var. 7° 50! E. 


—North East end.jar 23 0 |70 24 0o Cape St. Nicholas.|1g 49 20 
—North West end j21 23 0 |70 32 0 Point St. Mark ...J1g 2 18 
—South West end ./20 53 Q 170 55 40 Gonave, S. E. Pt..|18 48 35 
Silver Keys, —-West Point..... 18 57 0 
—Sonth East end../20 13 50 [69 27 45 Port au PRINCE.|18 33 42 
—North East end ./20 31 o (9 ee) Petit Goave......]18 26 50 
—West end..... [20 30 © j69 59 © The Caymites ....118 40 o- 
Fort Jeremy...... 18 40 30 
Cape Maize ...... 20.13 40 |74 I 15 , C. Donna Maria ..|18 37 20 
Point Mulas...... aI 10 o |75 31 o JISC. Tiberon....... 18 19 25 
Cayo Romano ....|21 53 o (77 3645 { = Point Abacou ....]18 1 30 
Point Paridon....j22 28 o |78 4 o § SFort St. Lonis....J18 14 30 
Cruz del Padre....[23 14 0 [80 §6 29 [55 Altavella........ ¥|17 28.0 
Point Ycacos.....|23 9 @ |81 10°69 | ~ Cape Beata ......117 42 30 
Fort Matancas....|23 1 39 |8I 34 30 | ~Sr. Domingo ....]18 28 40 
_ HAVANNA, | | & St. Catherine’s I.,.J18 19 0 
S—Fort Morro..... 23 9 26 [82 15 36 |-s Cape Enganno....|18 34 30 
& Honda Bay ...... 22 §9 oO |83 7 © | §Cape Raphael ....Jrg 2 0 
Cape Antonio ..../21 5 © |84 58 30 Q Cape Samana..... 19 17 40 
Cape Corrientes ..]21 42 30 |84 23 30 }-3: Cape Cabron..... Ig 21 0 
Isle of Pines, Old Cape Francois|1g 40 30 
—S.W.end....../21 32 0 (82 59 0 Point Isabella ....]19 59 0 
eerElWIS aS sg. 050 420 350 10%37 9 La Grange ..... » IQ 54 30 
Cape Craz ....... 19 47 16 }|77 40 30 Rock off Point La 
CAIDA wy ajet es oar sp.ne 9 57 29 176 4 30 Grange ........]20 © 30 
Cumberland Harb.|1g 53 30 {75 10 20 Port Dauphin ....]19 38 30 
—— Cape Henry, Townl!9 46 30 
Morant Point..... 1758 0 6 5 0 Tortudas, E. Pt...J20 0 55 
North East Point .J18 13 0 176 15 30 —West Point.....J20 5 20 
Port Antonio.....|18 15 © (76 23 © re 
Galina Point .....418 29 30 |76 54 0 La Mona.........J18 6 © 
St. Ann’s.......+-]18 30 30 |77 16 © La Monica.....,.]18 9 © 
¢ Martha Brae ..... 18 32 0 1/177 44 0 hée Island ....}18 24 30 
‘S Montego Bay.....|18 32 0 |B 2 30 
North Negril ..... 18 24 © 178 390 o | s Point Bruquin....}18 31 o 
“) South Negril ..... 18 15 45 178 32 oO = Porto Rico..... ~ 418 29 TO 
John’s Point...... 18 It 30 |78 22 30 | . Cape St. Juan.,..{18 24 0 
Savannah la Mer..|18 13. o |78 15 © | © Point Carrelas....|17 57 °0 
Portland Poimt ...]17 42 30 |77 8 30 |& Los Morillos......|17-56 0 
Port Royal....... 17 58 20 |76 48 45°]. ! 
* KINGSTON ....... 18 0 30 |176 45 oO | @St. Thomas’s Harb.j18 18 16 
‘ — § Tortola, Bay ..... 18 23 30 
$ Caymanbrack W.pt|rg 39 0 79 48 Oo |.@St. John’s, E. Pt...|18 13 0 
§ Little Cayman ..:.}19 36 0 [20 § © | = Birds Key ....... 18 13 0 
>Grand Cayman, s. Virgin Gorda, 
S—South West Pt..19 12 0 [81 26 o '—Hastend....... 18 30 50 


ais 


_ Tobago, | 
—Man of War Baylit 22 0 


i Cane Charles .. 
Williamsberg yin s 


Graco 


266 TABLE XLII. 
LATITUDES anno LONGITUDES. 
Places. Latitude. | Longitude. Places, Latitude. 
maak ee Pa eae ae oe Tees: et eas 
Anegada, W. Pt...|18 47 30N|64 18 30W] -~South West end.|11 
Santa Cruz, Town.|17 44 64 43 30 Trinidad, 
Sombrero ...... -.{18 37. © |63 29 30 —The Grand Bocalto 42 0 
—Chagaramus Rayj1o 41 0o 
Anguilla, W. Pt...{18 11 30 [63 16 30 —Spanish Town ..j10 39 15 
St. Martin, ‘ . —Icaque Point. J10 4 0 
—Great Bay..... 18 420 [63 7 0 —Point Galiote...J190 9g o 
St. Bartholomew, ; —Point Galera .. -|FO 50 30 

—East Point .....117 53 35 |62 52 30 
Sg Pe AR 17 39 20 [63 19 o | 
Aves, or Birds Is..|t5 50 18 |63 43 o |XXVI. The EAST COAST of AMERICA 
St. Eustatius, Town|17 29 30 63 4 30 from Cape Sable to Davis’s Straits. 
St. Christopher, 
—Basse Terre ....|17 19 30 |62 49 20 
Nevis, Town .....]17 10 30 |62 43 oO Cape Sable.......]25 2 oNa1 15 
Barbuda, N. Pt. ..117 46 45 |62 2 0 Far. 6° 15’ E. 

“Antigua, /| Dry Tortugas 31 To 
—St. Ppreatae Hoe 9 30 |6t sara . Great Inlete......{25 27 
—HEnglish Harb. ..117 3 0 |61 50 0 = Cape Florida 41 5 
Redondo....... -.|16 55 © [62 28 o '§ Greny le’s Inlet ..]26 47 I 
Moutserrat, & Hillsborough Inlet |27 14 13 
—North East Pt.. .|16 48 o *g North end of Mata- 

Guadaloupe, . tS  nilla Reef......|27 
|) —Fort Louis ..... 1615 0 No variation. 
. Chateau Point..|16 13° 0 Cape Canaveral... ./28 

—Oid Fort Point ./15 56 o —Outermost Shs. ./28 

- —Bassa Terre ....}15 59 30 St. Augustine.... {29 

i} English Head...Ji6 23 0 St. John’sRiver,ent. 30 
| Deseada Island, Amelia Island, 
fig—North Pt....... 16 20 0 ; oN. end, entrance 
Saints Islands ....115 54 © to St. Mary’s Ri- 
Marygalante, ‘ ° ver 3 
~—Town......0.56/15 52 15° St. Simon’s Sound ./31 
3 Dominica, © Darien....-..0. 132 

Pr. Rupert’s Bay|t5 35 30 St. Catherine's S.. [31 

ea one epoca. (ESO SR 23): ‘Sunbury 
—Scot’s Head ....j15 12 0 Savannah, or 

- Martinique, ; Tybee Light......|32 
-f} —Port Royal.....i14 35 55 8 Port Royal......./32 
4) —Port St. Pierre..j14 44 © © Charleston 

{| —Moneaba Point .{14 54 © 
. |) Cape Salines....|14 23 0 ys Cape Roman 
{|} —Diamond Rock .|14 25 © ‘ar. 4° 30' E. 

“$t.. Lucia, é Georgetown pea 33 
—Careenage esse flZ $7. 0 Brunswick 33 
—Point Piton ....]13 42 0 3 Cape Fear Light. 133° 

_ —Moulacique Pt. . 13 35 0 := Outermost Shoal, . ) 

St. Vincent, © Wilmington. .s... fe) 

_ —Kingston.......]13. 9 © S New River Inlet . ° 

Barbadoes, < Beauford’s Entr. .. fe) 

_ North Point..../13 19 0 Cape Lookout ..../34 ° 

_ —Bridgetown ....}13. § 30 = —Shoals, S. E. part 34 fe) 

—South Point..../13 2 0 Beauford. ilgis' san ofae re) 

.Granadillos, Newbern........./35 ° 
—Becouia Island..}13 x © Occacoke Inlet ...}34 fe) 
—Curiaeou Island.j}12 30. o Cape Hatteras....|35 7 30 
Grenada, sai —Shoals, 8. E, part}34 ° 
— North Point....J12 14 0 gg Var. 1% a6 
—Fort St. George. 122.54 ‘2 Roanoke Inlet .... 35 
—Point Salines...|11 58 0 Cape Henry ......|36 


° 

o 

° 

©) 

18) 

° 

ie) 

° 

) 

oO 

° 

° 

° 

Qo 

8) 

8) 

° 

9) 

° 

e) 

.?) 

(2) 

9° : 

°o ¥ 
" 

a 
; 
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TABLE XIII. 


LATITUDES anp LONGITUDES. 


<S Tar eeks 
me 


Places. Latitude. |Longitude. 
pres le anh. (e) ‘ a (@) ‘ a 
- Richmond........ 38 6 ONI77 8&8 oW 
none: Seca» 39.9 0 176 45 0 
"=, Baltimore.........139 22 9 (76 50 © 
= 5 WASHINGTON SARA ER Pt: wl) DOM ie: 
= False Cape .......|38 Te ee AS One 
Var. 4° 30' W. 
s = Cape James, or 
= Henlopen........ 3% 46 0 |75. 6 30 
= Lewis Yown......|38 47 27. 175 9 48 
Q Newcastle........ 39 39 © 1/75 32 O 
PHILADELPHIA...|39 56 55 |75 10 40 
Cape May........ 38°57. OF Iga (S000 
' =Great Egg Harb. .]39 18 0 |74 32 0 
-% Little Egg Harb. .]39 30 © 174 22 0 
< New York, or 
= Sandy Hook Light|4o 26 40 |74 5 15 
= Var. 11°:0°' W,. 
Perth Amboy.....|40 30 0 {74 33 0 
NEW.YORK ...... 4Q°4E 25 1194257; 0 
¢Montue Point ....}: ets 2 OMY gs" .0 
$ New Haven Entr../41 17 © {72 59 0 
© Connecticut R. ...J41 16 0 {72 25 0 
New London, Light/4t 21 © |72 16 o 
. Block Island +e aae 4810-0." |71 39°70, 
= Point Judith ..... 41 24 O |7I 30 0 
rea rowudence, .....; i 50 40. {71 23..0 
~ Rhode I. eraeht 27. © |71 24 0 
Newport .. We 30 90 {71 Ig O 
= Buzzards B., ‘entr. 41 28° 0 {70 570 
New Bedford..... 41 39 O° |70 55 0 
Falmouth ......../47 33 © |70 35 o 
Nomans Land ..../41 15 © |70 46 o 
Martha’s Vineyard, 
—East Point ..... I2I 0 {7024 ‘0 
—Squibnocket Hd.J41 17 © |70 44 © 
—Gay Head...... 41 21 0 |70 4) 0 
* Nantuket Shoal, 
—South Breakers .j40 53. 0 |69 36 oO 
Nantuket I., Light|41 23 0 |70 1 oO 
—Tom Nevers Hd.j4r 14. © I69 57 2 
St. George’s Bank, 
—Middle......... 41 45 oO |63 34. 0 
Sandy Point....../41 34 0 ("9 55 © 
~ Cape Cod, abate hi 3:0 170.6 0 
_ _ Plymouth . 141 5g © 170 45 oO 
$ Boston, Town . she ed 30. fae BO 
%—Light . eoeesccsas Ot, OF: 70°83 oC 
= New Cambridge . +43 23.28 (71 4 0 
3 Salem.... repay i Be Boe © |70 §3 0 
€ Baker's L., Light.. BB KAGO 50°73 
|= Cape Ann, 
i —Thatcher’s Lt. . 240 0 {70°38 Oo 
BPO WICI 04 N-0 ohiaies des 43 0 17055 oO 
|} , Newbury Port Lt. }42 48 o |70 51 0 
SIsle of Shoals...../42 57 © |7o 38 o 
= Portsmouth, Town |43 5 o {70 46 0 
OC $5.14 OO 30 440 
ina Boon Island , stake AFT O 470. 2710 
York River ...... 452-9 O.51790 37" O 
C.Neddock Nubblel43 11 © |70 35 0 
Cape Porpoise..../43 21 0 |70 25 «o 


—West Point.... 144 
; | 


257 
Places. Latitude. (Longitude. 

| Oa Re ans +2 ea / “ (@} ‘ “ 
Biddeford........ 43 23 ON}70 30 oW 
Cashes Bank, mid.j43 4 0 |69 15 o 
Var. 3° 30! W, 

Casco Bay, 

—Cape Elizabeth .43 33 0 |70 12 0 
—Yarmouth...... i 46 0.70 12 0 
—Portland Light .J43 39 o '30 15 0 
meres Oe of eR ae 43 43. O 70 13 -o 
Brunswick .......]. 43 52 9 |70 0 O 
Kennebeck R. entr.J43 43. 0 |69 47 0 
Seguin Island..... 43 4t © {69 46 0 
Bantum Ledge... .]43 42 0 j69 38 0 
Townsend B. entr. 43 49 90 |6y 39g 0 
Pennaquid Point..|43 48 0 {69 30 o 
Manheigen Island .}43 44 0 69 16 0 
Ball Rock, 2.304 43.48 O 168 50.0 
Metinicus [sland.. 1; 53 © j68 5§ o 
Penobscot......<.. 44 24.0 [68 45 0 |} 
Haute Island ..... 44° 90-0830" OTB 
Long Island..,... 44 °6- DO FIGRP S35. os 
Mt. Desert Rock..!43 52 0 {68 10 0 

ia Var. 11° 45) W. 

= Gouldsborough Air j44°25° 0 166“. 

' Pleasant Bay..... 44; 27. Or OFS AS. pepe 

‘SMachios Bay, 

%—Cross Island...444 40 0 |67 24 0 

5 Western Seal Is. ., 44 37. 0 '166 54 ‘o 
Manan I., S, Pt...l44 43 09 |67 0 0 
Wolf Istands ..... 45 3 © {66.50 0 
Campo Bello [d., ee 

| North end...... 45° 2% 30 |670- EO pews 
St. Croix R., entr.j45 7 0 |67 8 c [f” 
Macgone Island. ; 445 18 O° [66%%4) ‘ops 
Cape Spencer..... 45-16 0 [65 §2 o |} 
Cape Chignecto...j45 24 0 |64 49 0 {fh - 
Haute Island..... 45 19 0 {64 §2 © JA 
Annapolis Royal ..144 45 30 {65 46 30°] 
Briers Island..... $419.0, J66-95)@ 2.8 oe 
| Cape St. Mary..../44 12 0 |66°13. o8 |b 
Cape Fourchu ....}. 13 5T 30 {66 10 30.-jRo 
Gannet Rock..... 43 40 40 [66 9 45 iF 
Seal Is., S. Point. .}43 25 25 166 0 35 |) 
CAPE Spe Pipe: 43°23 45 165 39 15 “Wh 
Var. 13° 15' W. a 
Cape Negro Island 2835 Ae 19: 30 
Port Roseway, Lt.143 39 0. (65 13 0 
Port Mansfield ...{43 50 0 !64 52 0 
Gambier Harbour ; 44° 0 0. 164 AT) -0 
ydiverpool ..... 5.2 44 5 0 64°40, 0- 
' = Port Jackson..... 44 10 O 164 28 0 

3 Sambro Hd., Lighti44 30 0 163 33 0 

~ HALIFAX Harb. --}44 44 0 163 36 oO 

8 Var. 13° 36' W. 

2 Port Stephens ....1445 0 oO |6r 58 0° 
Sandwich Harbour};5 8 o {61 36 o- 
Lorbay 2. sii os 45 12 0 {61 16 07 
Port Howe....... 4534.0. [67 3:0) 
Cape CANsO.....- 45 20 7 {60 55 oO 
Var. 15° JV. ' 
Sable 1., E. Point.J44 4.0 |60 0 0 

4 0. {69 30 0. 


Miscou I., entr. to 


@—Aimherst Island, 
S South West Pe. . 
pAseebntry T. ook sces 
&—Deadmans I. ... 
‘Biron Island ..... 
Bird’s Islands .... 
St. Paul’s Isiand ..}, 


Chaleur Bay....48 4 
«¢ Cape Despair 148 27 
‘= Bonaventure I. ...148 33 
2 Flat Point........|48 38 
= Cape Gaspe ......{48 47 
(= Magdalen River ../49 13 
| 2 St. Ann’s River ...j49 8 
2,Cape Chat .......]49 9 
Mount Camille ...J48 37 
Bic Island ....... 48 30 
| Anticostal., E.Pt..J4g 9 
—South Poiit ....|. 
—Sonth West Pt. . 
—Jupiter’s River... 
$—West Point..... 
S—-North Point.... 
§ Magdalen Islands, 
iaNorth East Pt... 
2 Var.17° 45' W. 
| 


Cape Ra&V.severscce 47 37 


oooooo0o 00 0C0O00C0C90 


fe) 
= 


ooo 0 0000000 


00 


oo0o0cNOoO 00 


©-0'O= OOo 


Places, Latitude. |Longitude. 
aes, ||| Ota ww | are, 
Cape Hinchinbrokel45 34 oN|60 36 
StEsprit oi. 030. 45 37 0 |60 27 
fies Cape Portland.... 48 "0.5 160 3 
| 3 Lourssoure . ~° 145 53 40 159 55 
| ¢ Scatery Island....146 I 30 {59 38 
= Flint Island ......146 9 0 {59 43 
& Spanish Bay......]46 13 0 |60 8 
» Port Dauphin ....]46 21 0 460 30 
=Cape North ...... 6 o |60 28 
© Cheticun Harbour |46 42 @ |60 58 
Sea Wolf......... 46 27 © |6r 12 
Port Hood ......./46 2 o |61 33 
Cape North ...... 7 o 163 44 
y West Point....... 37. 9 [64 10 
ear. 105 IV. 
_» Cape Egmont...../46 28 0 63 50 
= Hillsborough Bay .146 6 o |62 56 
= Charlotte ‘Town...|46 14 0 {62 50 
Se OUI.» s Vek ns 15140 E400. 102 $9 
Bear Cape .......]46 3 0 {62 13 
= George Town.....|46 14 0 [62 20 
East Point ..... ../46 27 0 |61 46 
Richmond Bay ...|46 38 0 {63 27 
Gut of Canso, 
— North entrance .J45 44 0 {61 31 
Cape St. George ..J45 52 0 |62 0 
Pictou Island.....]45 51 © {62 30 
C. Tormentine....J46 9 © {63 36 
Richibucto Harb, .146 44 0 {64 36 
Escuminac Point.. 3 0 64 33 


O30 47-000, 020,.0-0 0.00.0 OOo 


oO 


= Cape Freels 


TABLE XLII. 
LATITUDES anp LONGITUDES. 


Places. 


Var. 20° W. 
Cape Anguille.... 
Cape St. George ..|: 
South Head .,.... 
Var 22° 30' W. 
Cape St. Gregory. 
Bon Reps otis 
Ingornehoix...... 
Point Riche...... 
St. John’s Bay.... 
Point Ferrolle .... 
Var. 2445" WV, 
Seal Islands ...... 
Cape Norman .... 
Belle Isle ...... o. 
Cape Degrat..... 
St. Lunaire Bay... 
Cape St. Anthony. 
Hare Bay, entr... 
Croque Harbour .. 
Groais I., N. end. 
Green Island..... 
Horse Islands .... 
Cape Partridge ... 
Cape St. John .... 
Newbay Head.... 
Twilingate Islands 
_Fago Island ...... 
= Woodham Is...... 
= Cape Bonavista... 
3 Point Grates ..... 
= Cape St. Francis .. 
2, St. John’s Harbour 


Bull Bay’. 5% .s.cak 17 
Cape Broyle..... 147 
Ranin Rocks ..... 46 
Cape Ballard..... 46 
Cape RACE...... 46 


Var. 23° 45° W. 
Cape Race Rocks.,|. 
Trepasse Bay .... 
Cape Pine ....... 
Cape St. Mary....|. 
Var. 22° 46! IY, 
Point Bream ..... 
Virgin Rocks..... 
Red I., S. Point .. 
Mortier Harbour, . 
Mortier Roeks.... 
Chapcan Rouge... 
Point May....... 
St. Peter’s L.; Town 
Langley Island ...|4 
Great Miquelon... 
Burnt Island ..... 
~ Fortune Head .... 
Penguin Islands... 
Kamea Islands.... 
Burgeos Islands. . .|47 
Connor Bay ......147 


Latitude. 
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QUEBEC . -146 48 30N/71 29W} 
Coudres Island, HS ay 

§—North West Pt. . dpe TS 9370.18 57 

3st. Paul’s Bay...-|47 16 0 |70 24. 0 

é Bay of Rocks ..... 48 0 oO 169 42 0 
Green I. Light... +148 5 © |69 18 o 
Point Mille Vache. 48 45 0 |68 38 oO 
Manicougan Pt... |49 12 0 |67 42 © 
Cape. Montpelles . 149 27° 0 |66 51 Oo 
Seven Islands Bay.|50 10 0 |66 0 0 
Mingan Isle ...... 50 16° 0 363 46'o 
St. John’s River...|50 20 0 |63 57 0 
; Esquimaux Is. ..../50 18 0 |63 15 oO 

Est. Charles I...... 50 19° '0' 163.56 © 

g Miumeiigy ede osc Ss 50 21 0 |62 46 oOo 

§ St. Genevieve I:.../50 22° 0 [62 42 0 

= Mount Joli....... §0 5° ‘0: /61 27. 0 
Little Mecatina ...j50 28 0 |5y 30 0 
Great Mecatina ...'50 45 0 |59 6.0 

_ Var. 23° 10! W. | 
St. Augustin’s Bay.|51 13 0 |58 47 0 
Esquimaux Bay ...|51 25 © |§7 30 0 
Belle Isle ..... anti bag7 O° |\5$30 © 
Cape Charles ..... Cabs 7 Oe S aao s 0 

2 C. St. Michael ..../52 45 © |55 40 0 

3 Wolf Island . eee Te I Ley Los 

E Sandwich Bay, “ente 53 48 0 156 42 0 

= Byron's Bay, 

I —C. Webuck .....! Is4.58 © (57 40 0 
Davis’s Inlet, ent. .55 48 0 |60 12 oO 
Port Manvets.... '56 58 0 |62 9 0 
Var. 40° 10 W. 1308) 

Cape Chidley. ...60 14 0 (65 20 0 
Button’s Islands ../60 35 0 |65 20 © 
3 Cape Resolution ..61 29 0 65 IO oO 

Saddleback Island 62 7 0 168 13.,0 

= Upper Savage Is...|62 32 30 170 48 oO 

North Bluff....... Ment 20 MgO 40, 0 

“2 Cape. Charles .....|62 46 30 |74 15 0O 

$ Cape Dorset ...... 64 50 0 |77.12 Oo 

Cape Pembroke... |62 57 0 [82 36 o 

io. Cape Walsing cham . 62 39 oO 177 48 oO 

'- Var. 44° W. 

Cape Digges...... 62 44 oO |78 50 o 
Salisbury Islands. ./63 29 0 |76 47 0 

~ Mansfield L., N. Pt.}62 38 30 [80° 33 o 
—South Point ..../61 35 oO |8r O_O 
‘Cape Southampton.|62 10 0 |86 3 0 
North Sleepers..:.j61 38' © |79 45 Oo 

West Sleepers ....|/60 8 oO [81 36 0 

~ Portland Point..../§9 © © |78 30.0 

mBaker’s Dozen .../53 5 9 |79 30 0 

&% Belchers, N. Pt. ..|56 20 0 |80 15 0 

a James Bay, 

= —Cape Henrietta..}55 10 0 |82 30 0 

~=—Cape Jones..... 84 50 © 178 54 0 

= Bear Cae §4.1384 0 181.24510 
—North Cubb..... $4 20 O |80 48 O 
—The Twins....../53 12 0 |80 35 oO 

~—Albany Fort....§52 14 40 [81 59°58 

_ —Moose Fort...../51 15 54 80 56 6 


Places, 


Latitude. 


Longitude, | 


TABLE XLII. 
LATITUDES any LONGITUDES. 


XXVITI. 


Places. Latitude, | Longitude.|| 
re Be i heag’ 7 O' ah it 
—E. Main House. .j§2 15. oN!78 44 30W 
—Charlton Island.|5z2 3 0 |79 §= o 
MG) OL Sa 57 1 48 |92 32 0 
Cape Churchill....|/58 48 0 |93 12 0 
Prince of Wales’s 
Ps Fort ........... 38 47 32 194 13 55 
| Marble Island.....j62 33 o |gt 6 o 
~ ~, Cape Dobbes ..... 165 0 0 186 42 0 
= Cape Walsingham.|/66 0 0 |60 50 o 
S Cape Aston....... 70. 20+ 0 | 165) /aer oO 
Lancaster Sd. entr. 
f= ~C: Byam Martin |73 33 0 {77 I0 o 
is —C. Charlotte . V74E33>0 1170 .20500 
| ,, Cape Clarence ....|76 45 0 |77.47 90 
Ts = Wostenholme I....|76 24 0° |70 22 2 
KC. Dudley Digges . 76 § oO 168 54 90 
oe WenV ra tels ts” ces 70.26 17 |54 51 49 


The Coasts of GREENLAND, 


ICELAND, and SPITZBERGEN, 
and adjacent Islands. 


Disco. I., N. Point 70 


12 
—SouthWestPoint 69 § 
Var.6; Pts. W.1812 
J Muskitto Cove. 64 55 
= Gothaah, entr. of 
& River Bal ..... 64 9 
~ Bear Sound..,.... 62 47 
’ Cape Farewel! ....|59 45 
Bontokve Tsland . |73 £5 
Gael Hawkes Bay.|75 0 
John Mayen’sI..../71 8 
Cape Reikianess ..|63 §5 
Bessested ........ 64 6 
Mount Snesell....164 52 
Patrixtiord: «065 2753 65 3 
~ Straumness......./65 39 
"= North Cape....... 66 34 
f= Hola .....-..50., 65 44 
|= Grim’s Isle....... 66 57 
| Rikefiord......... 66 30 
Longnosé..i.. oa. 66 25 
Wreeland Jsle ....|63 55 
Portland island... .163 22 
Cape Heckla..... 63 22 
Westman’s Is..,...|63 20 
South Cape......+ 76 32 
Fair Foreland..... 78 53 
= Amsterdam Island, 
s0— Hackluyts Hd ..|79 46 
eS = Smeerenburg Hr...179 44 
PS Var. 18° 57' Ww. 
ey eiceeth Hook...|80 7 
Hope island...... 76 30 
Bear, or 
Cherry Island... \74 30 
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TABLE XY. 


THE TIMES OF HIGH WATER, 


On the Full and Change of the Moon, at the principal Ports, and along 
the Coasts, particularly of GREAT BRITAIN and IRELAND, with the 


vertical Rise of the Tide in Feet at the Spring Tides. 


Situation. Times.!Rise 


h. m.\Feet 
[Wales ¢.....).8 35 


Rise Places. 


ee aaa ee 


Situation. |Times, 


ae ef rm tr ee 


re h. m_|Feet} Bardsey Island.. 


Barfleur (Cape) ..|/France .....] 7 30 


Nae peha dala riche ae veRtIOd: 30 Barmouth ,....../Wales ......| 8 o! 13 { 
Aberdeen........jScotland....!12 45 Barnstable Bar...|England .... 5 30) 26 | 
Aberdovy,........}|Wales ..... | d 30| 13 4 Bas (Isle de)..... Eng. Channel 3 45| 27 
Aberistwith .....|/Wales .. 30| 13 | Basseen River... HGS oso 

Achill Head .....!Iveland . eae One Bate Harbour... | 
Agnes (St.) ......|Scilly Tene 4 4o| 18 | Banasey Cliff .... 
Air Point. .......|Isle of Man. .|10 30 Bayonna ........| 

PSG ACR Ea ae ER Bayonne ........ A; 


Alban’s Head ce )jEngland . 7 30 Beachy, on Shore. 
Aldborough,....,JEngland ....|10 45] 10 | Beachy, Offing.. 
Alderney Island. ‘\Eng. Channel] 6 6 32 | Bear Island...... 
1 Beaumaris... 

Bee’s Head (St. de 
Belfast 


tng ceselIT | O 
'|Hudson’s Bayl12 o 
EW al@s”. ie sas IO 15] 24 
England ....|11 +c 
Ulréeh ad: 25..03 10 30 
Bay of Biscay} 3. 0 
Isle of Wightl1r 40 
Norway.. I 30 


Alne River ...... England Sve He 
Alban’s (St. yy vat CPBEY 61. oct? 
Altona ........../Germany ...] 6 
Amazon R. .osee.{America ....] 6 
Ambleteuse......|France .....)11 
Ameland Island ..jNorth Sea...{/1o 
Amelia Harbour. .jAmerica ....] 9 
Amlwick Port ...jAnglesea....|10 
Amsterdam ...... Holland ....] 3 
Amsterdam Island|PacificOcean| 8 
Andrew’s Bay (St.)|Scotland ....| 2 
Angers ..........|France...0..|I2 
Angra Bay.......{Verceira....{11 
Anholt Island ... Sh ole a sew fT 


Bembridge Point. 
Bergen..... ‘ 
Bermudas Island . 7 
Renwick Cou. 24 8 2 
BUISCAY uae. ck Spuin....... 4 30 
Bilboa ........../Spain.......] 3 15} 15 
Blakeney........ 
Blanco (Cape) ... 
epee Lb phy 
Block Island... 


Atlant. Ocean 


jEngland . 


England . 


6 
Africa... 9 
Ireland .....] 3. 40 

7 
2 
2 


jAmerica .... 


Ann (Cape)......jAmerica....{1I Blythe-. 3.4. ..{England .... 45} 12 
Annapolis .......'America ....|10 Bojador (Cape) . jAfrica ......41 ) 
AnticostaI. W.endjAmerica ....| 3 3ult Head.......JEngland ....] 5 §5] 20 : 
Artwerp ........{/Batavia.....! Bombay .y i. 0 ees India .......J1I 15] 15 
Annamocka,.....|PacificOcean! 6 Bombay Offing...jimdia....... 
i Anvers. Leos rane, ol Borkum Island.,,j/Holland ..../1r 30 
Archangel .. RA 5 Russia ....4. Boston ..... oye es/ england .0. bg oes 
Archangel R., entr. Russia ...... SHSTOD oa ek co ds America ..../I1 30} 12 
Arklow..........(|Lreland . Botany Bay .....]/New Holland] 8 0 i® 
Boulogne .4......|France...... ; 


Bourdeanx ...... franee, . vee 
Brassa Sound ..../$ 
Bray Head ...... 
Bree Bank ......|/North,Sea... 
Brehat Usland.... 
Bremeil .....e0.. 
BTEE ies veka als 
Brewershaven,...j/Holland..... 
Bride’s Bay (St.). 

Bridgewater ... 

Bridlington ...... 
Bridport ........ 
Brill. fg eamee nie 
BTigitONd. ss foee;> 
Myristol’ sy ou ih oh 
ech Haven... 


Arundel) Ssv/aaici. Engiand .... 
Augustine (St.)...JAmerica ..., 
Augustine’s B.(St.)|Madagascar . 
Avranches ..,....,France ..... 
SAY v's cies ks CAEP TANCE . Ved 5 


6 
6 
8 
Arran Island.....{Scotland ....|11 
9 
7 
2 
6 


3 

3 
France .....1 7. 30] 96 
Germany....| 6 


B. > 


Babelmandel Str. |Red Sea ..../12 
Balasore... .<..:. d pati cei 9 
Ballingskellings B. [reland . 3 
Bally Castle woes ofireland .,..51-5 
Bally Shannan ..,|[reland.....| 6 45) |Brili............/Holland..... 
Baltaicsie see oc senpsnetland,. 5.153 

Baltimore .......j[refand ...../ 3 

Bamff,..........jscotland:. ... 
Bancoot River ...}[odia.......)11 Bechanness....../Scotland ..../12 


Bantry Bay...... Ireland .....1. 3° 45 Burnt Island.....|Scotland ....] 2 30} 14 
LE CE LLL LLL ALE LOLS ELLE ALE LL CLE LL OLA LE LO EOE TEL LLL OD LED LLCO ey 


England ....}10 16 

England ....{ 6 45] 42 | 

Ireland .....16 o | 
os ! 


TABLE XLIU. 271 


TIMES OF HIGH WATER. 


| 


Places. Situation. |Times.|Rist Places. Situation. _|Times.|Rise 
a's: ot (Han tn|Fecth alam dhs 1. hen ; 
a ee 1 30} 6 | Cornwallis (Port).|Pr.of WalesI. 30} IO 
Bustard Bay.....JNew Holiand| 8 oj; 8 {Cornwallis(Port).|Andaman I.. 1 
Button’s Islands . .| Hudson’ sBay| 6 50 Cork Harb., entr. |freland ..... 18 
COFranna? fo\.0 sin AS PBING oi. oss ec 
Coutance......;. France...... ) 
Cc. GOWES 1500 Tk cau o' Isle of Wight|11 15} 15 
Cracatoa Island .,|Str. of Sunda} 7 of 3 
ROU ed oben oS OPAIN oases 4 40 Cromartie ..¥....!Scotland ....J11 45] 14 
CRON Shore's « on’ 10 = o}:* Ig: |Cromer..... ..-..{England ....| 6 45} 16 
} Caernarvon, Bar. 9 Ql 22 Crookhaven......|Ireland . coer! 3 
OT g of 12 [Cross Island ..... White Sea ..) 4 15 
Calais Peeeseereoae|* AML eee eae II Q 18 Cuckolds’ Point ee Thames a s 2 I 18 
3 f 5 
Palentia ss. ...0- GEER ied seis cee Cnlpee 02 .. » . csIndiaigsy: r as 
i} Caldy Island....,|Wales ...... 6 of 34 yCutch (Gulf of).. India ARAN 9 ge 
Calf of Man ..... 30} * Cuxhaven ....... PAR, 
Camperdown ..../Holland ....| 4 30 
|| Campbell (Port) . America . 9 ©o D 
Canna Sound ....jlreland .....) 5 35 ’ 
Sa aot Olah jen Bei 3 S| |Partmouth ....../England .,.,| 6 10} 20 
ar ieagey .. lAtiea 8 Pre a ae 8 Herd (St.) some sips o.o:0.a} GEE ee 
Canso (Cape) ....|America . - 8°30 he man’s Point. Saar sees] 5° 30 
H Cantire (Mull of).|Scotland . Ge OLuS A Tees Rivero. S, Sa et ae ee 
Cappel (West) ...|Holland..... Qo 30 Delia rhe Africa fas i i 
ere (Cape). New Hi 8 ‘ 7 | Delaware Riy., en. America ....) 9 0 
Cirdigni, Hat Seid eee a ac Dae Bar ....|India.......] 1 30} 17 
Carlingford .....,jIreland ..... 9 14 I Deidbishs. .. cas: Wales : - 
Carlisle..........JEngland ....j12 0 Diamond Point ..|India....... ; 
Carlos (Port St.) ./S. America..|11 30} 18 | Dienne Prahee fe 5 3 
Carmarthen...... Wales’..... | 6 of 24 Dicks aie’ oka ‘|Hud : Bai 39] 1 
Carr Rocks .....,|Scotland ....| 1 30 Dingle (Cape) . udson’s say 2: 
WE a Gr shPersin | 90 a Hig ceeeee tak “at 30} 115 
Carrickfergus coes Ireland seees fe) 8 Daun, el oar wv Holland. 3 a 
| Casco Bay. ste eees N. America, ,|10 9 | Dover Pier....../England ., 16] 20 
Caskets) Sen... 6s Eng. Channel| 8 28 | Douglas Isle of Man .ii1oen 
Catherine’sPt.(St.)|Isle of Wight 8 Daten ae Nhe ace da ee 
Shee. et White Seas..| 5 abi Ad tebusie sn ngland ....J11 35! 15 
Caveinc. 2h Siinbviea’ {3 6 lie oe Boa sae arene eoeeelS. 45 
Charente R., entr.|France ..... 4 20 oar atatp We ihst a Treinen Par tics ‘ 
Charles (Cape)...JAmerica....17 of 5 I Dudgeon Lights ..|North Sea...| 6 “ol 
Charles Island ., ,|Hudson’s Str.|1o Dunbagon Hea Taiiouan bt Agee 
aeeccton Bar. 4 odin pay J 6 | Dunbar ....... .\Scotland ....{ 2. 15 
Ohepatow,....... Chsland whe 7 70 Duncansby Head .|Scotland ....| 8 30 
eeeeteseee @ Sb eeee 
| Cherbourg....... Brace, 6.0 3/4 20 Se cpr d shire saa 3a se 
Chester Bar...... England ....|10 26 Dud pi ache igh No . Gea. 4 eae 
Chichester Harb. {England ....l11 18 Dundee. bel aa Stan ce ay =i 
{| Chittagong Bar .,jIndia....... I Habicd ee ickon ae 
Christmas Sound .|S. America..| 2 Hndviieat 2. Peeisaa to 3 2 
Churchill (Cape) .|Hudson’s Bay} 7 Bonkirk Baro. Meomtelcis. Oki - +3 
ate ets yea ee: 4 TI | Dunnose ........ Isle of Wight} 8 56} 
Cod (Ca ae FR ie As 6k Dursey Isiand. ...|Ireland egos sf 4 30 
Condore (Pulo) ..|China Sea...} 4_ 7 
ROUWAY Gia «6s .|Wales ....../10 24 E, 
Copeland Island. Ireland ..... 10 
Coringa Bay.....|India....... 9 53) Eastern Brace ...|BayofBengal| 9 45 
Coquet Island....|England . 2 15 |Eddystone.......jEng. Channel] 5 15} 18 | 
Cornwall (Cape). England . 4 22 |Edinburgh.......{Scotland . 


= i. 


272 


Georgetown Bar. .j/ 


\merica .... 


Isle of Man, S _ sidelSt. Geo. Chan.j10 


TABLE XLII. 
| 
TIMES OF HIGH WATER. 
Places. Situation. |Times.| Rise Places. Situation. Times. Rise 
h. m.|Feet h. m.|Feet 
Elbe R., red Buoy|North Sea...}12 0 Gibraltar........|/Spain.......]12 0 
| ElizabethTownPt.|America ....| 8 54 i Soams. ek. .% (1S. Sct 4 30 
Embden..... ....|Germany .../12 of © |Good Hope (Cape)jAfrica ......| 3. 0 
Enkhuysen ......}Holland ..../12 0 Good Hepe(Town)|Africa ......] 2 30] 5 
Etaples..... poe wep ER PANCEL Swe /LOUOTSIETY PGOIE es Bee's aes England ....j11 15; 
Exmouth Bar ....{England ....| 6 25) 14 {Goodwyn(Backof)|Downs...... I 30 
Exuma Bar......|/Bahamas....} 6 35 Goree Gatway ...|North Sea...] 1 30 
Eyder River..... Germany....|I2 0 Gouldsborough...|/America....J11  o} 12 
Eyemouth Harb. .{Scotland ....; 2 15 Gowan’s Head(St. ) Wales ......1:5 301 36 
Granville........ Frantée,..asi, a Nae 
; Gravelines,......|/Franice......|11 45)/18 
‘ Gravesend....... England ....] 1 30) 16 
: ‘ Grizness,........|France....../II @ 
pal ta 7) eae Bae hh eland veces! 9 © Groyne Lae aes Sauk Spain Bes Seis 3 fe) 
air Isle.........|North Sea...) 4 0 (rdenae 
. BEYous sided ...|English Chani 6 oOo} 324 
Falmouth........ England ....] 5 30} 18 Gunfleet Thames Riv 
Fayal Road......jJAzores......] 2 20} 42 ee ee ved cl es } 
Fear (Cape) .....jAmerica ....].9 45 
Fecamp 2.22.45 .¢ France .....|I9 0} I9 H. 
Fernando Noronhia|S. Atlantic..| 4 o| 6 
Fergol, : oa. Sone [GPa soa c denies. 0 Haerlem...... ee sjolland.’..*.. 9 ‘oO 
Ferriters ........ Ireland ..... 3. 30 Hague, La (Cape)|France .....} 9 6 
Fifeness .........)5cotland , I 30 Halifax..........|Nova Scotia.| 7 30] 8 
a ey England ....; 4 30 Hamburgh.......|Germany....] 6 © : 
Finisterre (Cape) .jSpain....... Beto Hartland Point...jEngland ....} 6 o | 
Finmark........./Lapland ....] 2 15 | Hartlepool....... England , 3 45} 
Fisgard Bay ..... Wales ......] 6 30 Harwich ...... , England . tt 30] 14 
Flamborough Head|England . 4. 30 Hasborough Gatt. England , 6 30 14 
| Flathoime {sle....|Bristol Chan.| 6 40} 36 Hastings.. OAR lath England -. 10 36 
Flats (Kentish)...jEngland ....J/1I 0 Hatteras (Cape).. Americ et §* 6 
Fiemish Banks ...|North Sea...} 3. o Havre de Grace..|France...... 10 30] 22 
Florida Keys ....JAmerica....| 8 30] 5 | Helegoland...... North Sea.../11 
Flushing......... Holland..... I oj r5 | Helena (St.) .....JAtlant.Ocean}] 2 15 
Fiy, or ViieGatway|Holland.....| © 45 Helens (St.) ..... England ....]11 45] 16 
Fly, or Viie Road,|Holland.. 7 30 Helvoetsluys..... Holland.....| 1 30 
Pélkstone........ JEngland ....J10 51] 20 | Henlopen (Cape) .;America,....} g of § 
Foreland (North).|/England ....J11 15} 16 | Henry (Cape)..../America ....} 7} 4 | 
Forelaid cout)’ England code {Lh Ofors § EOMnG cies oie Bristol Chan.| 6 4o} 36 if. 
Formby Point....jE neland .os.[10 25; 26 | Holyhead Bay ...|Wales ...... Io of 3 
Fort George .. |Scotland ..,.|12 0 Holy I. Harbour..;England ....) 2 30] 15 
Fort St. John... |Newfoundl, 9 240 Cromenre. f.% ae vs Prange’. >.> 2% 190 30 . 
Foul Isle ........jShetlands ...1. 3. 0 Holiand’s Hook ..j/Holland..... 3) |e 
Foulness.........{/England.....] 9 0} 16 § HooringottahR.en.jIndia....... 12 oo 
BOWEN ieir'e die oe Bugland..i....:5 '90)'46 f Horn ......3%... North Sea...|12 © 
Frehel (Cape).. [France .....]'6 0 45 | Hosely Bay...... England ..../It  } 11 
Fulta (..4 ies ees Lali. os a ie E35 ae NUT GPS dl England ....} 6 of 18 
Punchal 6... 6<4 Madeira ....]12 4) 7 {Hiumber R. entr. ./England ..../ 5 15] 18 
Fundy (Bay of )..;America .. 6c | Hung Road....../England ....] 6 45! 46! 
Hurst Castle..... England ....J10 6 | 
G. 
E 
Gallicia (Coast of }/Spain.......] 3 
Gailoper........./Lhames River|r2 45 Ice Cove ........|/Hudson’s Bayjio oo 
Galway Bay’..... Ireland ..... 4 30 Inge@llee: 55.005, dial EDOIGiis sods 15,4. 
Galloway (Mull of |Scotland . 15 Ipswich 4) s+... England ... |12. 0 
Gambia R., entr..|Africa...... Nb 15 freland, W. Coast jAtlant.Ocean} 3. 0 
| Gaspé Bay ......{America I 30 Ireland, S$. Coast.jAtlant.Ocean| 5  §1 
Gay Head ...0./.jAmerica ’....]'7 937] +7 [Isle de Bas......) France ....4 3 45) 27 
4) George River ....JAmerica ....j10 45) 9 UIsie de Dieu. Prante..... is 30a 
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TIMES OF HIGH WATER. 


Pinies.| Rise 


Places. Situation. Places. Situation. Times. Rise 
eT h. m./Feet! “age a ala mn 
Ives (St.).......:jEngland ....} 4 39] 22 M. h. m.|Feet 

J | Machias.... so oa(America ...:}72 oO} 12 
. | Madeira.........jAtlant.Oceanlia. 4 7 
. iMacoa .........s(China 
Jackson (Port) ...|New Holland! 3 15| 6 }Saco.. @ ween 9 50 10 
Janeiro (Rio) ..../S. America..| 4 30] | sr eae: abet De Co ee ae 
Jask Bay...:....jU. of Persia.| 6 of 6 Malact "Roms Ft : bee | 5- OF 13 
Jersey Island ....]Rng. Channel] 6 | 38 “sagas SN Te MR tee oo oss iO 30 
John’s (St.) ......|Newfoundl. .| 6 of Jar ou. ae Bye rt i) aides 6. ol 45 
John’s (St.) River. |Bay of Fundy! 24 ahh Sap naite’ on Berne e i 39 e 
., oS ia c & eke . € 2S 45 
Jutland Coast..../Denmark’.../12 © | Martin Vas ......|. Atlant.Ocean| 3 45 
Mary’s (St.)......)Scilly Isles...| 4 40} 18 | 
K, Mary, St. (Cape) .j/Nova Scotia.| 9 | 14 
ne Tet May Island ....... Scand oo pith Duo 
edgeree.......,{India......./11 30 May (Cape)...... merica ....) 8 gol 6 
Kenmare River . . Ireland reete 3 30; IL | Mereni pie pane EDC. ws. «oat 12 * 15 
Kennebeck - ae were aeRO NaS “BD Milford Haven... England weet O 20) OLE 
Kentish Knock... .|Riv. Thames |11 30 | Minehead ....... England ... | 6 oj 36 
Killibegs ........{lreland ..... 45 Mizenhead....... Ireland ..... 3 aga 
King’s Channel...|/Riv. Thames j12 0} 16 [Mogadore .......|Africa......] 4 of 12 
King’s Island ....|Bass’s Straits} 3 30) 12 | Mombas........ Africa ......402 8 
King’s Road ..... sre Cans 6 45) 42 aia River .jAirita .:. 1 goes 
insale.......6..jiPeiand ..... 30 | Montrose.........|Scotland ....} 1 
Kinnaird’s Head. .|Scotland ,...|12 "6 ‘Worlaix.. 2... éab ETANOGE.. i wa 5 - 30 
Kirkudbright ..../Scotland .,..j11 15 Morocco Coast...jAfrica ......] 2 15 j 
Kykduyn........ Holland.....| 7 30} 12 | Mount’s Bay..... England ....| 4 55} 19 
ane Mozembique..... Africa ......] 4.415].12 
L. 
Lagos Bay.......|Portugal....) 2 0} 13 e Bs) et 
penne aes foals ber 2 S B) 14) ae tg acai eh ooo 1 QUO Gh 6 
se vlan peeeee eS ae abe Sect ad OT Nahe River “ierites sre 4 iene 5 5 
Leith Pier.......|/Scotland ..../ 2 20) 15 | Nopreenda B.: A eespar yeep 3 
ieuhin and Ower.|North Sea...] 7 © Rcaat & eee ony bee ve 
Lerwick.........)5hetland ....) 9 +45) 10 | Natal Ria Po call Coa be ‘i 3° a 
4 Lewis Islands ....|Scotland....] 6 oj} If j Needle een Isl of Wisht wee? 4 EP 
Lewis (Butt of).,|Scotland ....| 6 45 p Needles ....+..4.)Tale o ee 56] 9 
| Limerick Ireland 6 Aol 16 foc WC Astle vs England.'.'..1) 440 
TW Lisb ohh, Pais ‘ 3 New Bedford ....J/America....| 7 37] § 
i ee OE ipagland ... for * 27 Newbury Port....jAmerica ..../11 15] 10 
ei el ldae Rd tt ‘ie Newhaven.......|England ....{19 16 20: 
had -see England .... 4 e 18 |New London.....{America ....| 8 a 
i ‘ide ag Bela L od | Newport ........|Wales ......) 6 45] 24 
So ERE lati re oN 7 ts jNewry ..........jfreland .....)12 © 
London . ieee England .... 40| 19 “esa ee ae a oes Fe) Ha 
Reamouderss fendiid as Ge Nicholas (St.).... England ....1 6 45 
{| Long Island .. .. {America .... 3 © peaked abe ery WG Nin abi an @ 
eed rte Head . a ne i a 3 |Nore Light......|Riv. Thames 12 30] 14 
Lookout (Cape) ..|America ..../10 3c} 7 be es neice: he Saar Bag Se a 
4| Loop Head ......|fveland ..... Ae 930 aI es taghee « me 4 SHO 
1 LOrient......... IFrance.,...+«| 4 30} 75 
1, Lowestoff, inShore|Engiand ....| 9 9 QO. 
Lowestoft Roads .|England ....|.9 Io} 7 
Lundy Island ....|Bristol Ghan.| 5 15! 30 |Olonne..........|France .....| 3 30 


}| Lyme Regis .....|England .... Oporto. ....+%.|Portagal.,...) 4 


Lymington.......{England ....j11 
Lyun Deeps .....|England ....| 6 


Orfordness.......|England ....j11 
Orkney Islands...|North Sea...j10 


Places. 


Orm’s Head .... 
Ortegal (Cape)... 
Ostend .4:.\. 0.0 eis 
LOWES acs SPE Ga 


Y 


PAUALD YY ou bc os ues 
Palmiras Point... 
| Passamaquoddy R. 
Passier Roads.... 
WATEA oso ks pistgiena 
Penmarks 
Penobscot River 
Pentland Frith... 
Penzance?....... 
Peter Head...... 
Peveral Point.... 
Philadelphia .... 
Plymouth Sound . 
Plymouth.. 
Pol de Leon St. ). 
Pomona. pn ag 
Poole’. sss Oe 
i! Port Glasvow.... 
Port Hood ...... 
Port Howe ...... 
Port Jackson .... 
Portland Bill .... 


(| Portland Road... 


1} Port Porto....... 
Porto Praya..... 


Port Royal 
i} Port Royal 
Port Royal, entr.. 
Port Rush..... : 
|; Port Seaten 


brake Point 

Preston Pans .. 
[| Puerto de Naos.. 
i Palo Pinang ..... 


}; Purfleet . 
Q. 


pQueber, . ....ses. 
}/ Queda Road. 
1; Queenborough ... 


i (juiloa Harbour .. 
| Kian F 
| Rachiin Island .. 


TABLE XLIOL 


TIMES OF HIGH WATER. 


Situation. |Times.;Rise Places. 


ee 0 fs a ee | ne 


|Wales ......|10 Rajapour........ 


Spades ieee 8 Ram Head ...... 


France 


America .... 
Borneo , 
Africa. 


France 


.|America .... 
Scotland .... 
England .... 
Scotland ....|12 
England .... 
.jAmerica .... 
England .... 
-|America .... 
France. 
Orkneys .... 
England .... 
Scotland .... 
Cape Breton 
Nova Scotia, 
Nova Scotia. 
England .... 
Portland Race ...j/England .... 
England .... 
|| Portland ......../America .... 
|| Port Louis.......|/France...... 


France 


C. Verd Isles 
Port Roseway....|Nova Scotia. 
Virginia .... 
Jamaica 
America .... 
-|freland , 
-|Scotland .... 

Portsmouth Har b. England .... 
}| Portsmonth......JAmerica .... 
|| Portugal (Coast of)|Europe ..... 
England .... 
|Seotland .... 
Lanzarote I[.. 


-jRiver Thames} I 


en fi Ramkins ........ 


.|English Chan.j11 


Rhe Island 
Rhode Island . 

Rio Janeiro 
Robin Hood’s Bay 
Rochefort 


ee@ee 


eeerve 


Roman (Cape) .. 


Rotterdam....... 
Rouen 


Rye Harbour .. 


= 
Dn 30 
Pp 


Ss. 


~ 
Mr Pwo 


Sable Island 


eny 


= 


Sandwich Bay .. 
Sandy Hook 


_ 


ol 
cou tno “I 0O~1 COCO 


Scarborough .... 


Scilly Islands ... 
- #Scolt Head 


Oo 
— 
= 


nN 


eee 


Seaton Sluice .. 

Seine River.... 

Selsea Bill...... 
Selsea Harbour... 
Senegal R., entr. . 
Seven Cliffs...... 
Seven Islands .... 
Shannon R., entr. 

Sheerness........ 
Shellocks 


ro 
an 
oo 


no 
Nw HUW He DN OC COCO Qh BO OOn™ COCO™M SOW 


al 
o 


tm 


shetland, S. end. 
Shields 
Shipwash........ 


England Shoreham ....... 
to] oeere - 


Seanad 4 


Africa . 


-llreland .. .. 


Sierra Leon 
Simon’s Bay 
Simon’s Bar (St.). 
Skerries 

Skerries 


RoymongrilR. ent. Sy 
-.{England .. .|10 


Sable (Cape)..... 
Salangor Roads .. 
Salcombe ........ } 
Salem seseeeeveoee America @@es it 


Salvador (St.).... 


ScaWso eo ese 


Situation. |Times.| Rise 


England , 

Bay of Biscay 3 
.|America .... 

S. America.. 
England are 


-|America .... 
Roseness ........J/0 


Holland... . 
India... 


Nova Scotia 
England ....} 5 


S. America. 
England . 
"Nova Scotia, 
New York , 


Savannah (entr. to)} America .... 


.|England , 
Denmark . 

Eng. Channel 4 
||England . 


‘England een 
.|France ..... 


.jEngland ... 


England ¢ 


England , 
Lapland .... 
ireland .... 
ingiand .... 
ireland 


.|Nor th Sea, 
England . 3 
River’Thames 12 
England ... 
Guinea 


America .... 
Wales .... 
Ireland . 


TABLE XLUI. 275 
TIMES OF HIGH WATER. 
Places. Situation. |Times.|Rise Places. Situation. |Times. 
in ‘h. m.|Feet ‘h. m.lFeet 
Sky Island.......jScotland....] 6 o Ushant, without, in 
UE, eee eegglreland ..... 6 45 the Offing .....|France .....] 4 
BINMG@Io uss gods. capreland 3... se Ts 
Smalls, . . sss se wei ey MCB es ee. t 5. 50 V, 
|Smerwick Bay ...{Ireland ..... Sgr +s . 
Bathe enw. iNotihéSea,..i1a. Ol: Valdivia......... S. America. .|11 
Solebay ........./England ..../to 30] 7 Valentia Harbour.|Ireland .....| 3 
Somme River ....|France......|10 30 Vallery en Caux 
Southampton..... England Poy es be ae 2 1g gt) ere ceseces France eeee {IO 
Southwould...... England ....} 9 © 20 i ih, eee France .....] 5 
1! Spain (North Coast Vincent (Cape St.)|Spain....... 2 
ee .....[Bay of Biseay| 30 Vlie Passage .....|Holland.....} 9 
Spithead..... -...j/England ..../ 9 30 
Spurn Point ...../England ....| 5 15| 20 WwW 
Stadtland......../Norway..... 1 es : 
Staples ........../Scotland .. .} 2 30] 15 wee PR, eee ene s 
Start Point aw a ar England eevee 5 55 20 Watchet Pah ee Ma | Bristol Chan. 6 
cane. seeees oes coms gt tees ‘ ¢ Waterford Harb, .|Ireland ..... 5 
STOCKTON ..e.eee /Engiand .... 3 WW COIS cigshie ska Scotland ....| 2 
Sema ay cletcmmn 2. (ho sq] (Meee Re en «-foermany fe 
theta seco ie These aets : Weilings ........|France ..... ‘t 
STTOMNES§ 264400 ora neys TO 7.30 Melle is AP Usage Norfolk ..... 6 
es a We sine Ga Gre ae 2 4a V0 Western Brace...|Bay of Bengal) 9 36 
: eters * 9 Se rae A..1 9 30 Wexford Harbour |ireland ..... mo 30 
Ay oe any gptigy ng and ....| 3 G}/ 12 Weymouth....... England ....| 5 3a 7 
eared woe eecees Wales soteees ; NM ef Whitby ye Bees England ....| 3 45] 13 
> vapid accesees Sabena wees : 3 4 etaye on PS te fe chitth: EG re 
b re ; ca eevee ick Seas Se eae Scotian a 9 15 
Swin............/Riv. Thames [12 0} 16 | Wicklow ...... ..|[reland .....)9 0 
Wilmington,.....JAmerica ....JII 0 
T. Winchelsea ...... England ....j12 45 
Winterton ....... England ....| 8 15] 10 
Tabie Bay......./C.GoodHope| 2 30] 5 Wisbeach........ England 04 0 of ae 
Tavay Island ....|India..... ny o| 15 | Woodbridge Bar ./England .,..j11 30] 14 
FLAY BGT « «win sin’ 0,0 Scotiand ....| 2. o Woolwich ...... England ....) 2 15] 18 
Tees River ......|Englaud ....| 3 30] 16 Wrath (Cape)....|Scotland....} 8 15 
Telling (Cape) ...|Ireland ..... 6 Oo 
Terceira......>..|Azores..... ltr 45] 8 Y. 
VOFVETE J... 00% ce Holland ....| r 30 . : A 
Texel (entr. to)...|/Holland..... 6 43 Bee aoe {England ....) 8 45) 8 
Texel Road...... Hata nce.) 7c ase ie heey cry decrlend 
Thames R.(mouth)|Engiand ..../12 0 RUBLES, OF) ree es] Sry oe 
Tinmouth .......{England ....] 3 of 13 Yarmouth .......{[sle of Wight! 9 30] 12 
Tod Head Sarfani Med, ae V OTK: DORE s i)s.ct0+). Hudson’s Bay| 9 10 
oo. RS aR EE I oh 7 el ¢o | Yorkshire Coast..j/England ....| 6 0 
ay! fa ingland BE be “4 go | Youghall ........ Ireland .+...) 5 oO} 11 
Tor Harbour.....|Red Sea ....j10 30] 5 Z 
Tory Island...... Deland ‘as. Oo. : 
Townsend .......jAmerica....|{10 45! «9 
Trallee Bay ..... Ireland ..... kar 
Trincoma'ey .....|/Ceylonisiand) 6 o} 3 
Tudwail’s Road (St)|Wales ...... 8 of 20 


Tuskar Rock ....|Ireland .....] 6 30 
Typa Roads .....|River Cantonj10 “ol 6 


U. FINIS, 


Use and VillianeR.{irance .....) 3. © . 
| Ushant, within ...jFravee......1 3 45! 20 | ‘ 
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NAVAL ACADEMY. 3 


© a 


THE Meta of keeping a Journal at Sea, of finding the Latitude by double Alti- 
tudes of the Sun, and of determining the Longitude of a Ship by the Distance of the 
Moon from the-Sun, or a fixed Star, commonly called a Lunar Observation, with every 
other requisite to form the complete Navigator, are taught, on an easy and expeditious 


Pian, a 
By J. W. NORIE, 


At his Naval Academy, No. 157, Leadenhall-Street, near the Royal Exchange. 


TERMS OF INSTRUCTION, : 
Method of keeping a Journal at Sea, with Meridian and Double Altitudes, &c.£5 5 © 
Finding the Longitude by Lunar Observations and Timekeepers...... Ter * ‘30S 


-As the Money is paid at Entrance, Persons who cannot stay to be completed, may 
return as often as they pleasepwithout any additional Expence; and those who wish to 
receive private Instructions, may be accommodated with a separate Apartment, 


ee 


The following Works, by J. W. Norie, are sold at the Navigation Warehouse, 
(late Heather's ), 157, Leadenhall- Street. 


adicated, by Permission, to the Honourable the Court of Directors of the East India Company, - 


T. A NEW AND COMPLETE EPITOME OF PRACTICAL NAVIGATION, 
containing all necessary Instruction for keeping a Ship’s Reckoning at Sea; with the 
most approved Methods of ascertaining the Latitude by Meridian, Single, or Double 
Altitudes, and the Longitude by Lunar Observations, or Timekeepers. To which is 
added, a new and correct Set of TaBLes, more extensive than any hitherto published in 
a Work of the same Kind, and preceded by a copious Explanation of each Table.— 
Ninth (Stereotype) Edition, Price Fourteen Shillings, bound. 


Il; A COMPLETE SET OF NAUTICAL: TABLES, containing all that are re- 
quisite, with the Nautical Almanac, in keeping a Ship’s Reckoning at Sea, and in 
ascertaining the Latitude and Longitude by Celestial Observations ; including, among 
a Number of others, a new, extensive, and accurate TABLE of the Latitudes and Longi- 
tudes of the principal Ports, Harbours, Capes, Shoals, Rocks, &c. in the WorLpD ; dike- 
vise Astronomical] Problems for finding the LATITUDE by double Altitudes, and the 
LONGITUDE by Lunar Observations and Chronometers or Timekeepers.—Sixth 
(Stereotype) “dition, considerably augmented and improved, Price Ten Shillings, sewed. 

lif. A SET OF LINEAR TABLES, for correcting the apparent Distance of thé 
Moon from the Sun or a Fixed Star, for the effectof Refraction, whereby Lyon’s Method 
of finding the true distance is rendered one of the easiest that have been proposed 
Price Fifteen Shillings in boards. : 


IV. THE SEAMAN’S NEW DAILY ASSISTANT, exhibiting an easy and expe- 
ditious method of keeping a Ship’s Reckoning at Sea, with the most necessary and 


~ useful Tables. Ninth Edition.—Price Four Shillings and Sixpence bound. 
V. THE DESCRIPTION AND USE OF HADLEY’S QUADRANT AND 


SEXTANT; in which are contained the best Methods of adjusting these Instruments, 
and of ascertaining the Latitude ofa Ship at Sea by a Meridian Altitude of the Sun, Moon, 
a Planet, or Fixed Star; with Tables of the Sun’s Declination, &c.—Price Two Shillings.” 


VI. FORMULZ for finding the Longitude at Sea, by Lunar Observations, and 
Chronometers; and the Latitadeby two Altitudes of the Sun, the elapsed time between 
the Observations, and the Sun’s Declination when the greater Altitude was observed ; 
—Price Two Shillings and Sixpence, each book, © , 


Vil. A SET OF CELESTIAL MAPS, intended to assist Students in Astronumy in 
acquiring a knowledge of the principal Stars in the Heavens, and peculiarly adapted to 
the purpose of finding the-Stars proper for ascertaining the Latitude and apparent time 

-at Sea, the Longitude by Lunar Observations, &c.—Price Fourteen Shillings and 
Sixpence, with a Book of Directions. ~ 

VIII. THE NAVAL GAZETTEER, BIOGRAPHER, and CHRONOLOGIST; 

containing & History of the late Wars, &c.—Price Fourteen Shillings, in Boards, 
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